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PREFACK. 


Every practical system of conveyance must be 
more or less a subject of interest in a commercial 
country; and if each system were carelijlly 
investigated and conipared with others of a 
similar nature, and the peculiar advantages, and 
the limits which restrict the application of each 
system, were considered, tlie result of such 
researcli would he useful at all times, but parti- 
cularly so at present, when there is a surplus of 
capital, which might be directed with advantage 
to improve the internal communication of the 
country. 

This small treatise was commenced with a 
view to accomplish the object just stated, us far 
cis relates to Rail-roads ; and 1 tri«st it will shew, 
in a clearer mamier than has hitherto been done, 
the cases where Canals may be em})loyed with 
advantage, and where Turnpike-roads are most 
economical, and the proper objects and economy^ 
of the intermediate system of conveyance by 
Rail-roads. 

But, in order to arrive at proper data to calcu- 

h 



vi 


PREPARE. 


Ute from, it was necessary to enter into an 
expetimental investigation of the subject, op 
such a scale as would enable me to exclude 
extraneous circumstances, and obtain results that 
would approximate to the average of actual 
practice; for those who have the means have 
forborne to give the average work done for a 
considerable period on the large scale. Knowing 
the uncertainty of dynamometrical trials, and 
that an experimentalist must have an invariable 
force, with the power of fi ' luently repeating and 
comparing his trials by diflerent modes, till he be 
completely satisfied that he has arrived at the 
true measure of the quantities it is his object to 
ascertain, — and that these are not easilv obtained 
in public experiments where the conductor is 
exposed to more than ordinary inten uption, — I 
made a set of experiments, on a scale sufficient to 
establish the facts I washed to arrive at, though 
they might with some advantage have been on a 
larger scale and more varied in the parts : only 
the reader will recollect they are the contribu- 
tions of an unassisted individual; and if it were 
not that they employed those hours which are 
usually devoted to relaxation, these sheets could 
■Slot have been WTitten, Besides the questions 
wliich aiise respecting Rail-ways, (and it is a 
subject rather fertile in matter for useful research,) 
several others are considered: instances will be 
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found in the tlieory of Grs Machines, and in die 
inquiries relative to the nature, power, and pro* 
perties of Steam Engines. It might have been 
expected that all such inquiries had been already 
made, and long ago in the hands of those 
interested in these powerful and economical first 
movers of machinery: so far, however, is this 
from being the case, that it is even questionable 
whether any thing of importance has been done 
towards the theory of the Steam Engine; and 
certainly nothing has been published except such 
as would rather mislead tlian assist in bringing it 
to perfection, lliat often repeated theory of the 
Expansive Engine, which is the joint production 
of Mr. Watt and Dr. Robison, neglects the very 
circumstances which limit its application in 
practice. Indeed, the relation of parts, which is 
essential to the perfect action of a Steam Engine, 
is only so far known as has been developed by 
repeated trials; and no one appears to have 
attempted to ascertain the proportions which will 
give a maximum of effect under given conditions. 
It is not in theoretical investigation alone that the 
defect consists, for even facts and observations 
are wanting. The specific heat of steam in 
different states has not been determined, ant^ 
therefore there was nothing to check the extra- 
vagant expectations w Inch ivere lately entertmned 
on the advantages of high pressure steam. One 
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in almost led to imagine that this is a subject 
beneadi the notice of the men of science in this 
countiy, and that nothing less than scaling the 
heavens will now satisfy their enthusiasm. If 
they be insensible to its value, it is not so with 
others; for it has been deemed a happy circum- 
stance tliat we live in an age which gives us the 
benefits arising out of the invention of the Steam 
Engine. Its powers, its pliability, and its im- 
portance to the welfare of this country, have been 
expatiated on and acknow dged by all parties ; 
and while I recollect with pride that it is of 
British invention, I cannot but regret that its 
principles have not been developed by British 
talent. 
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ADDITIONS AND CORRECTIONS. 


Page 102, 2 lines from bottom, for 26** read fig. 27*’* 

■ .. 166, Ifl — from top, for “ But*’ read “ Put.” 

In Table V., p. 167, perhaps it would have been better to have used the term 
“ Force of Traction of 100 lbs.,” instead of “ Power of 100 lbs. at different 
Velocities ;** lest it should be supposed that the same mechanical power would 
produce the same effects at different velocities. 

The force of tractioiAp a Canal varies as the square of the velocity ; but 
the mechanical power necessary to move the boat increases as the cube of the 
velocity. On a Rail-road or Turnpike the force of traction is constant ; but the 
mechanical power necessary to move the carriage, increases as the velocity. 
See Tables V. and VI., and p. 146. 
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CHAPTER I. 

Nature of Rail-Roads — Advantages of Internal Com- 
munication — Roman System of^ Roads — Relative 
Advantages of Turnpike-Roads, Rail- Roads, and 
Canals — Existing Rail-Roads in England — In 
Scotland — In Wales. 

The principal object in constructing a rail-road is 
to form hard, smooth, and durable surfaces for the 
wheels of the carriages to run upon. These surfaces 
consist of parallel rails of iron, rais^ a little above 
the general level of the ground, with a gravelled 
road between the rails; consequently, a rail-road 
combines the advantages of good foot-hold for horses 
and of smooth and hard surfaces for the wheels to 
roll upon. The wheels of rail-road carriages are 
/umished with proper guides to keep them on the 
rails; and the circumferences of the wheels are 
made hard and smooth. Plate I. fig. 1 , represents a 
double rail-road with carriages on it ; ana a part of 
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th« road is supposed to be taken up to shew its con- 
struction (see the description opposite the Plate.) 

The facility with wb'ch a heavy carriage may be 
moved on a road constructed in this manner, renders 
it an object of surprise tMtt an arrangement so 
simple, economical, and efficient, has not been more 
generally employed. 

The idea of ffirming sniooth surfaces for carriage 
wheels to roll upon is not a modem one, but no horse 
could draw with advantage on a smooth pavement ; 
hence, in Florence, where the wheel-tracks are 
paved with hard marble, wrought smooth and level, 
the horse-paths are of ordinary paving. 

At an early period, a similar advantage was ob- 
tained in our own country, by putting down rails of 
hard wood for the wheels of waggons to run upon ; 
and more recently rails of cast iron have been em- 
ployed, and with more advantage; for cast iron 
is much harder and more durable than even the 
marble wheel-tracks of the Italians. 

By using iron, we obtain a smooth, hard, and 
even surface, at an expense comparatively paall, 
and the moving power has very little more than the 
friction of the axis to contend against. A carriage 
moving under suph circumstances bears die nearest 
analogy to a body impelled on the smooth surface of 
ice, where it is well known that the velocity which 
may be, given by a small power is immense ; what 
the rails want in smoothness being compensated for 
by. the use of wheels. The effect of the air’s resist- 
ance, and the law of increase eff friction, is the same 
in both cases. These important advantages of rail- 
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roads were foreseen some years ago by Dr. Thmnas 
Young, for he concludes his notice oi them in diese 
remarkable words : “ It is possible that roads 
paved witih iron may hereafter be employed for tiie 
purpose of expedition travelling, since there is 
scarcely any resistance to be overcome, except that 
of the air, and such roads would allow the velocity 
to be increased almost without limit.” * 

In discussing the merits of rail-roads we have to 
compare them with turnpike-roads and with canals. 
Rail-roads give the certainty of the turnpike-road, 
with a saving of seven-eightns of the power; one 
horse on a rail-road producing as much effect as 
eight horses on a turnjnke-road. In the effect pro- 
duced by a given power, the rail-road is about a 
mean between the turnpike-road and a canal, when 
the rate is about three miles per hour ; but where 
greater speed of conveyance is desirable, tlie rail- 
road equals the canal in effect, and even surpasses it. 

Speed and certainty are of such primary import- 
ance in commerce, that a small increase of expense 
is not a material object. 

Certainty of supply must tend much to diminish 
the fluctuation of prices, and remove those alter- 
nations of glut and scarcity which are perpetually 
occurring in the markets, from contrary winds, frosts, 
floods, &c. Every thing which tends to render the 
conveyance of goods certain, must lessen their ex- 
.pense to the consumer, by diminishing the amount 
of dormant capital, and the necessity of keeping 


* Nat. Phil >o! I p. 210. 1807. 



4 


OF INTERNAL COMMUNICATION. 


large stores in expensive weurehouses : wd, with a 
good system of conveyance, when a sudden call does 
take place, the whole stock of the countrjf becomes 
available. The motives which now operate in accu- 
mulating people together in ^arge towns, it is pro- 
bable, will also be less powerful, in proportion as 
facility and certainty of intercourse increases. 

But these remarks extend only to the present 
state of trade ; its extension and economy in Britain 
are of still greater importance. We must ever regard 
ourselves as eontendingin rivalry with other nations ; 
and whatever enables us ti. supply home and foreign 
markets at a lower rate with articles of superior 
excellence, must add to the prosperity and wealth 
of the state. 

To improve the interior communication in lliis 
country must be productive of much good, by equal- 
ising the distribution of agricultural produce, and 
allowing that of those districts to which nature has 
been most bountiful, free access to market. There- 
must necessai'ily be a very wide difference in the 
nature of the soils in any country of considerable 
extent, and it is extremely improbable that the best 
is most fai-^ourably situated for yielding a fair profit 
on its produce, without the assistance of artificial 
means of sending that produce to the places of 
demand. And it is evident that, unless some easy 
mode of conveyance be resorted to, the demand must 
be supplied at a greater expense from inferior soils, 
aipd, of course, from such as require a greater capital 
to cultivate them, without being more productive to 
the land-owner, while they are also less certain of 
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yielding a suflScient quantity to replace the cajntal 
expended and afford the ordinary rate of profit. 

A cheap and regular mode of conveyance, besides 
rendering the produce of fertile land accessible at a 
less price to any po|l;ion of the community, also 
affords new markets for other articles ; it creates 
new sources of exchange and supply, and causes 
the advanta^s of labour and industry to spread, and 
expel the idleness and indifference which engraft 
themselves among those people who, without such 
means, barely obtain the common necessaries of life; 
for the ordinary mode of land-carriage makes every 
heavy commodity so expensive, that the inhabitants 
of inland districts are limited to what nature fur- 
nishes them with. In many places they are nearly 
destitute of fuel, and while moderate exertion gives 
them the scanty supply of comforts within their 
reach, their utmost efforts scarcely do more ; 
and therefore, they sink into that languid state of 
indifference which we find so generally prevalent in 
such countries. 

It is true that the construction of roads, rail-ways, 
and canals is expensive ; but under proper arrange- 
ment their formation might furnish a considerable 
degree of employment for the labouring poor, and 
thus be a relief to the parishe.'i these roads would 
ultimately benefit. Most of the work in construct- 
ing rail-roads is of a kind favourable for letting, and 
of such a description that any person may be set to 
work at it. 

The construction of good public roads, was con**-| 
dered an object of such primary importance by tht^ 
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tbat all th^ qtiieC t4ei;^ vast 

e^apmi w«rR. ooDoectied by rQia4# ^ spperiop; pof any 
have been executed in later times, and of a 
snueh more expensive kind than the best ratl-rqids 
in this country. The Romaj^ roads were made so 
firm and solid that they have not entirely yielded to 
the dilapidations of fifteen centuries. They rendered 
an intercourse with the most distant provinces easy 
at all times, and rapid when occasion required. 
These roads ran nearly in direct lines firom city to 
city, and have been the subject of universal astonish- 
ment and admiration. ^Natural flbstructions were 
removed or overcome by the efforts of labour or art ; 
whedier they consisted of marshes, lakes, rivers, or 
mountains. In flat districts the middle part of the 
road was raised into a terrace which commanded the 
adjacent country. It was formed of diflerent layers 
of stones and gravel, bedded in excellent cement, 
the upper surface being paved with stone. Near the 
capital the pavement was of granite ; in other parts 
hard lava was used, worked in irregular pcdygons, 
and so accurately joined that Palladio thinks they 
must have used sheets of lead as moulds to take the 
various angles and cohtours for fitting them tc^ether. 
In mountainous districts the roads were alternately 
cut through mountains and raised above the vaUeys, 
so as to preserve either a level line or a uniforip 
inclination, as was most adapted for the route. They 
founded on piles where the ground was not solid, 
and raised the road by strong side-wa^, or by* 
arches and piers where it was necessary to gain ele- 
vation. 
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Th 6 Romani roads were much Barrofwer Hiati otm^ 
the width oftlte earFiage>way, as prescribed by the 
laws of the twelve tables, being only eight Roman 
bat their Carriages were also narrcrwer than 
ours, the width of th^ wheel -track not being move 
than three feet.f The paved part of their great 
military roads was wider, being 16 Roman feet, 
with two sideways, eftch 8 feet wide, separated from 
the middle way by two raised paths of 2 feet each 4 
so tliat the entire width of the principal military 
roads did not exMed froiri 36 to 40 feet. The whole 
depth of materials was about 3 feet, and built in a 
most solid manner. 

There were 29 military roads leading from Rome, 
some of which extended to the extreme parts of the 
empire — their total ejftent being, according to Ron- 
delet, 52,964 Roman miles, or about 48,600 English 
miles. 

The construction of the Roman roads was an 
object of state policy : with us it is the commercial 
interest of the country which feels the important 
advantages of a secure, certain, and speedy system 
of intercourse for the disposal and exchange of com- 
modities. And since it is desirable among the 
people of tbe same state, that all should enjoy as 
nearly the same advantages for trade as the nature 
of things will allow, the power of internal com- 
munication ought to be encouraged, and its benefits 
extended to every part of the country of which the 


* The English foot is to the Roman foot as IO 6 O ; 967. 
+ Rondelet, I'AJt de Batir, tom. 1 . p. 360. 
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agtteuAIttral, mineral or nutnufsujfeured prodMcts, are 
of Eif0fci^t importance to render tike conunnnicataon 
beneficial to the state. 

Hitherto canals have been chiefly employedi||br 
the convenience of internal traffic ; and where heavy 
goods are to be moved, they present such important 
advantages that the use of other modes of convey* 
ance has been scarcely though^ of till within the last 
two or three years. Now, intercourse by means of 
rail- ways, engages a considerable share of attention ; 
and their construction and' use, a^ the means that 
may be adopted to imp uve thm, will form the 
subject of this work. 

Up to this period rail-ways have been employed, 
with success, only in the conveyance of heavy mi- 
neral products; and for fhort distances where 
immense quantities were to be conveyed. In the 
few instances where they have been intended for the 
general purposes of trade, they have never answered 
the expectations of their projectors. But this seems 
to have arisen altogether from following too closely 
the models adopted for the conveyance of minerals, 
such modes of forming and using rail* ways not being 
at all adapted for the general purposes' of trade. 

When it is attempted to compare rail-ways 
with canals, or common roads, it must be obvious 
that each mode has its peculiarities : the same 
may be said of each Ime of traffic. Hence it is 
important that diose peculiarities should be studied 
with care ; and we shall endeavour to colleiUthem in 
a concise fwm for the advantage of compariscm. 

It is necessary to premise, that in every species 
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of coluxuuliofttiiNi ve fthq»ld<en4eavoiK to fombioc; 
economy* ^leed, eertainty, com^nience, and ai^y. 
It is also necessary to consider the peculiar requi* 
sitqiKof each species of conununication. 

For a cansd a competent supply of water is wanted, 
the quantity and expense of which is to be consi> 
dered. A canal is limited to comparatively small 
changes of level; oth^^wise tne delay and expense of 
lockage become too great.' Canals are liable to 
frequent stoppages from frosts, floods, repairs ; and 
in all kinds of trade these stoppages create serious 
inconveniences, ii not much disappointment and 
loss. Canals interfere much with the right of 
streams, and drainage ; and consequently injure the 
property through which they are made, very conside- 
rably more than would be done by taking the part 
occupied by the canal. Both the first cost and the 
annual repairs of a canal exceed those of a rail- way ; 
the excess differing according to the nature of the 
country. But in a country suited for a canal the 
difference of first expense is more than compensated, 
by a greater effect being produced by a given power 
on a canal than on a rail-way, provided the motion 
does not differ much from three miles per hour, and 
this renders a canal decidedly better for a level dis- 
trict. On account of the resistance increasing in the 
ratio of the squares of the velocities when bodies 
move in fluids, and also on account of the injury the 
banka would suffer by too rapid a movement of the 
water, velocity of canal boats must be consi- 
dered as limited to a speed not far exceeding that 
whkdi they obtain at present; but on a rail-way a 
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grefttefmalodty may be obtimed with less exerdoD, 
evieb ««diinre aakaal power ig eAi|dioyed;' 

. ^ A i^^-road*- baa affinity to d turnpike-road 
than to a canal both in structure and applioelion. 
It differs from a turnpike in requiring to be level or 
slightly inclined, the ascents and descents being 
effected by inclined planes, instead of the irregular 
undulations of the turnpike, ^o obtain these levels 
renders a rail-road more costly than a turnpike; for 
as to the expense of the rail-road itself, it will some- 
times be less than a good tumpi^-road iti the same 
place ; for the interest c-1 the excess of capital ex- 
pended on the road will be less than the excess of 
annual expense to keep the turnpike in repair. But 
a horse will draw eight times as much on a rail-road 
as on a Uimpike-road when**travelling at the same 
rate, and it is not improbable that the reduced price 
of conveyance will cause eight times the quantity of 
traffic. 

In a rail-road for an unequal trade a descending 
plane in the direction tihe greater traffic is de- 
sirable; tile proportion of descent most favourable we 
shall shew in our third chapter, only noting heife 
that it is irequently an important advantage in any 
place where there is much ascent to arnve at ffie 
matter to be conveyed ; a canal Can take no such 
advantage, it must be level. The ascents and de- 
scents by inclined planes are much more expedi- 
tiously effected than by locks, and are not so limited 
to change of level. 

But the great advantage of a rail-way will consist 
in its affording the means of tnmsporting heavy 
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gooda;Witk^;C^pe^ .<u|d pertaiaty: i| ijfc lie only «o % 
as to double tbe spped of die %-boat«» it must be a 
materiel benefit. And lecoUecting tiud rail’-roads 
are^et in an imperfect state, while the united talents 
of our civil en^neers have been chie^y devoted to 
canals for about a century, we may confiifontly Ik^ 
that there is yet scope for improvement ; and we may 
fairly infer that for new works rail-roads will, in n i n e 
cases out of ten, be better adapted for public benefit 
than canals. 

Before wc enter upon the principal inquiries con- 
nected with the subject of rail- ways, an account of 
those which are now in use may be useful in pre- 
paring the reader for what is to follow. We wish 
first to shew what is done in practice, and then firom 
reasoning and experiment to prove what may be 
done to amend or improve them. 

Rail- Ways in England. 

The first rail- ways appear to have been used in the 
neighbourhood of Newcastle-upwi-Tyne, aboutlfidO. 
The rails were of wood, resting upon wooden sleepers; 
and in some jdaees near tbe Tyne the same species 
are still in use. The wooden ones are however 
nearly abandoned for iron ones, and of the latter 
there are an immense number branching in various 
directions firmn both sides of the Tyne to die various 
ooaKworks ; and also several inclined planes on 
which tb| waggons are moved by stationary engines. 
The rails employed are all of the kind called edge- 
rails ; and it appears from experiments, that on the 
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level, sails, when they are in good condition, lib. 
wilf ITOibs., or one horse will draw 26,5001bs. 
including the weight of the waggon, at the rate of 
2^ miles per hour*. ^ 

The same kind of rail-ways and waggons are em- 
ployed for conveying coals from the collieries to the 
river Wear at Sunderland, some of them extending 
to a distance of more than se\en miles. 

The Hetton rail- way is one of the principal ones ; 
it is in length 7^ miles ; and on it a train of from 13 
to 17 waggons is impelled by a loco-motive, high- 
pressure engine, called b) the people there an “ Iron 
Horse.” (See fig. 2. plate I.) The train of 17 wag- 
gons, when loaded with their usual weight of coals, 
will be about 64 tons, and when empty about 18^ 
tons ; the waggons being stronger and heavier than 
the common coal-waggons. The total variation of 
level from the pit to the staiths is 812 feet, of which 
a part is accomplished by inclined planes, and the 
rest by a regular descent of 1 part in 335. The rails 
are of the edge kind, and are represented in Plate II. 
fig. 3, 4, 6, and 6. The extreme length of each 
rail is 3 feet 1 1 inches, and the breadth of the upper 
surface 2^ inches : they join with a scarf joint. The 
rails of the straight parts of the rail-way weigh 6 libs, 
each; but this was found to be too slight for the 
curved parts, therefore the strength of the latter has 
been increased, and the weight of each rail is 721bs. 
In some parts near the staiths we observed malleable 
iron rails, in 15 feet lengths, supported %t every 3 

• Desciiption of Rail-Way on a New Principle, p. 39. 
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feet, (see iig. 9 and 10). They are 3^ inches deep in 
the middle between the wpports, and indies in 
breadth at the upper surface ; one yard in length 
weighs about 281bs. 

The wheels of the coal- waggons are 2 feet 11 
inches in diameter, with 10 spokes, and weigh 2f 
cwt. ; and their axles are 3 inches in diameter, and 
revolve in fixed bushes. 

The weight of the engine is about 6 tons, (see fig. 
2, Plate 1 ) Ii consists of a boiler 4 feet in diameter, 
with an iirl< iiial fire-place. The smoke aseends from 
the fire by a chimney about 12 feet high : the lower 
3 feet of the chimney is formed of sheet iron of 61bs. 
to the square foot, and the rest of iron 2^1bs. to the 
foot. There are two cylinders, which work alter- 
nately. The diameter of the pistons is 9 inches, and 
the length of the stroke 2 feet ; the pistons make 
about 45 double strokes per minute. The steam is 
admitted to the cylinders by slide valves worked by 
cxcentric wheels on the axis of the engine carriage. 
The pressure of the steam in the boiler is from 40 to 
50lbs. on the square inch. 

The wheels of the engine carriage are 3 feet 2 
inches diameter, with 12 spokes in each, and each 
weighs 3| cwt. The axles are inches diameter, 
and are connected by an endless chain working into 
a wheel on each axle, so that both the axles of the 
carriage 'may be turned at the same rate. The 
boiler is supported on the carriage by four floating 
pistons, ^llrhich answer the purpose of springs in 
equalising the pressure on the wheels, and softening 
the jerks of the carriage. A floating piston is packed 
as thessteam piston of a steam-engine, and has a 



14 


RAII.*H’'AVS in ENGLAND. 


shcit fistclB i^od of indies (fianseteif', ^vrinch rests 
Kpen tlie bress bush; in eHiich the axle of the wheel 
tulms. 'The water in the bdler frreues on the upper 
side of the piston ; and whatever elevation or de^^ 
inon the wheel follows, the pressure upon it is nearly 
the same. Tliis ingenious substitute for a spring, as 
well as the other peculiarities of this engine, were 
invented by Messrs. Losh anc^ Stephenson, of New- 
castle-upon-Tyne, and made the subject of a patent 
in 1816. A further description will be found oppo- 
site the Plate, wkh a more distiiwt reference to the 
parts of the engine. The engine is supplied with 
coals and water from a small carriage connected to 
it; called the tender; the water-barrel contains about 
a hogshead of water, and is supplied with hot water 
from stationary boilers placed at convenient situa- 
tions by the way-side. 

The carriages arc impelled by one of these engines 
at the velocity of from 3^ to 4 miles per hour. And 
at a colliery where the expense of engine fuel is a 
trifle in comparison with the expense of horses, it is 
most likely to be economical. The engines, we un- 
derstand, are proved once in a fortnight. The steam 
carriage is managed with considerable facility; and 
it either impels the train of waggons before, or draws 
them in train behind, at the pleasure of the attend- 
ant ; and the whole assemblage in motion fcHins a 
striking and interesting object. 

The immense advantage of even the wooden rail- 
ways in the Durham and Northumberland coal-fields 
soon caused them to be imitated in the neighbour- 
hood of Whitehaven, in Cumberland, where they 
were employed to a considerable extent, till*super- 
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as 

seded by: itbe use d cast inm foies- Fioai these 
places the use rail-ways has gradually spread to 
Yorkshiie Berby^diire, Wales, and Scotland : the 
nuMft important lines we shall next |Hroceed to 
notice ; .commencing with the most considerable one 
which has been laid down for the general purposes 
of trade. 


Surrey Rail-Road or Tram-Road. 

The Surrey rajji-road commences on the south 
bank of the Thames, near Wandsworth, in Surrey, 
,and proceeds in a south-easterly durection about 9^ 
miles to Croydon, and from thence in a more south- 
erly direction 8^ miles to Merstham, making a total 
distance of about 18 .niles. The Acts for diis rail- 
road were obtained in the 4 1st, 43d, and 45th qf 
Geo. III. (1800 and 1804.) It is a double rail-coad 
with tram-rails (see fig. 18, Plate III.): the inclina- 
tion is no where greater than 1 in 120, or 1 inch in 
10 feet. The original rails consist of a fiat plate 4 
inches wide, and nearly an inch thick, with a ledge 
to guide the wheels, 3 inches deep by half an inch 
thick. They are considerably worn into furrows by 
the action of the wheels on the grit and mud which 
get into the wheel-track. The original rails having 
been found too slight, those now used for repairs are 
cast, of the form represented in fig. 19- 

The waggons weigh about a ton, and are 5 feet 

• Smeaton, in a report dated 1779, states the circumstance of 
the first waggon-way in Yorkshire, for carrying coals to the navi- 
gable rivers, being laid within his remembrance. Reports, vol. iii. 
p. 4V2. ' 
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^ feet leng, and 2 feet deep ; thefitre ktlowed 
to carry 3 tons, and not excee^ng 3^ tons. The 
wheels are of oast iron, 1|- inches in breadth at' the 
rhn, and 32 inches diameter: they revolve on Coitical 
axles, 2 % inches diameter at the shoulder, and 
inches at the linchpin. ^ 

When the southern part of the road was opened, 
in 1805, twelve waggons laden with stone, and 
weighing 38f tons, were drawn a distance of 6 miles 
down the inclination of 1 in 120 by one horse in 
1 hr. 41 min. with apparent ease.* According to 
Mr. Palmer’s experimerts lib. will draw 601bs. bn 
a level part of the rails at the velocity of 2^ miles 
per hour, or one horse of average strength will draw 
a total weight of 90001b. f These results we shall 
compare in the fifth chapter, merely noticing here 
that one carriage is worked by one horse. 

The Surrey rail-road being one of the few at- 
tempts to form public rail-roads for general use, the 
causes of its not having been so successful as to en- 
courage others become an interesting subject of 
inquiry. It may in some measure be accounted for 
by the nature of the road itself ; for the effect falls 
far short of that produced on the edge-rails, while it 
is' equally expensive, and the carriages are heavy, and 
carry too small a quantity ; hence, with the circum- 
stance of the carriages being confined to the rail- 
road, which prevents goods being conveyed to their 
proper destination without reloading, the advan- 
tages are not equivalent to the increase of expense. 


• Rees’s Cydopsedia, art. Canal. 
t DewTiptioii of a Rail- Way, p. 29, second edit. 
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the applieatiop of rail-roads, as of can«da« it 
miist always be to move goods ot mateiiala from 
one depot to anoth^; their distisbutkm must be 
effected by other modes of conveyance; conse- 
quently, as a means of general trade, they are not 
likely to answer for short distances. But where a 
quantity of goods is to be merely transported from 
one place to another,«it is extremely inconvenient to 
divide them in small loads ; the carriages ought to 
be sufficient to take a considerable bulk in one load, 
it is then easily watched and attended to ; there is 
more facility in packing, loading, and unloading ; 
and one carriage may easily be contrived to carry a 
sufficient load, by making them with six or eight 
wheels, so that the stress on the rails by one wheel 
should not be more than the given quantity. For 
conveying loose minerals small waggons do best; 
they are then emptied with more readiness ffian 
larger ones ; but it is ,4ifficult to stow heavy and 
bulky packages in small waggons; such packages 
will often be found to fill a small waggon, and 
yet not load it. The waggons of a rail-way for ge- 
neral trade should be at least sufficient to carry the 
load of an ordinary stage-waggon, and such a wag- 
gon on six wheels would render it unnecessary to 
elevate the load so high. 

The coal- works near Leeds and Wakefield are 
connected with the neighbouring canals by nume- 
rous rail-ways, and the town of Leeds is supplied 
with coal from the Middleton coal-works by a rail- 
road on which the waggons are impelled by steam- 
carriages. These carriages differ from those used 

c 
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in tni4 SttHderlind;^ 

of dopi^ftding'nipon ^o frki^oa^^f 
ei^^e onrtis^-wheSls 'fer reaOtkm, tbo rails of 
ratl^way htiVe cogs or ^ojecting teeth, into whi^ 
foothed Wheels, dtiv^ by the ^^ne^ work lui a 
{nnion works in a rack. ' This secies of steain>car>^ 
fiage was ap^^d by Mr. B^lenkinsop ih 181 1. The 
boiler is supported by a carriage \nth four w^e^s, 
iHthout teeth, and rests immediately upon the axles. 
The engine is a high pressure one, and has two 
Working cylinders. The connecting rods give mo- 
timi to two pinions by cnaxks at right angles to each 
other, and these pinions communicate the motion to 
the wheels, which work into the teeth of the rail-way 
by working into a toothed wheel on the same axis. 
An engine of this kind, when connected with a train 
of 30 coal waggons, each weighing more than d 
tCbsj moved at the rate of about 3^ miles per hour. 

* 'When a toothed rack is employed, a train of ear-* 
riages may be moved on a redl-way haVing a greater 
inelindtioa tiian when the frictioif of the wheels 
upon the rails is depended upon ; but even with a 
toothed rank the iaclinsE^On SOoA arrives at a limit 
beyond which it is dangerous to go ; we shall shew 
the ektent id' both cases in the third chapter. 

Dewsbury and Wt'std Rail- Way.- — The object of 
&ii mil*way is to OoUvey coals from the coal-wmks 
in BirsUil pari^ tO the vessels in the Galder and 
Heblde Navigation. Its extent is about tiireo miles, 
ahd it was finished in 180d. 

Ashhy^e-la-Zouch canal, ‘*whi(^ was ripened 
in 'f80fi;'ia terminated by a rail- way miles in 
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extonduig to 0ie TicknaU Uaie-wKwkAiii 
byshire ; airath^ railway of 5 miles to Metudtasi' 
collieries; and cme of 6^ miles to tiie Cloudsbill 
lime'Works. 

The Derby canal has several rail^ways tiliat btancli 
from it, viz. to Horseley collieries, to Smithy houses 
neetf Derby, 4 miles, and to Smalley mills, 1 mile#t 
Railways also branch from the Cromford and’ 
Erewash canals ; and the Charnwood Forest canal 
is connected with the river Soar Navigation by a 
rail- way 2^ miles in length, with a rise of 185 ieet, 
called the Charnwood Forest rail-way. 

The Chapel Milton to Loads Knowl rail-way, 
branches from the Peake Forest canal at Chapel 
Milton in Derbyshire to Loads Knowl lime-quairies 
in fhe Peake, a length of about 6 miles, with an in- 
clined plane 515 yards long, and 204 feet fall, it 
was conducted by Mr. Benjamin Outram, engineer. 

The Lancaster canal rail- way extends from Clay-' 
ton Green, across the valley of the Ribble, to the tc|> 
of its opposite bank, miles. The communication 
between the parts of the canal is effected by metuis 
of this rail- way, which has an inclined plane on eadt 
side of the valley, and the fall is 222 feet. 

From the river Wye, near Mitchell Deam, a rail* 
way is laid through the forest c# Dean to Lydney on 
the Severn, with a branch by Colford to Monmouth. 
And in the same neighbourhood, another rail-way 
extends from the Severn, 5 miles, to -the oollieries in 
the forest. - 

The peculiar advantoges d rail-ways for- great 
chafes of level, is no where more fully exemplified 
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tbaa in die inclined planes of the Shropshire 
canal; ■ ; 

The Shropshire canal having to pass through a 
district where the changes of level were abrupt and 
considerable, it was thought expedient to adopt in- 
clined planes for conveying the boats to different 
levels. The first inclined plane is 3fi0 yards, in 
length} and 207 feet in perpendicular height, with a 
strong double rail-road upon it, to admit boats 
loaded with 5 tons, and their carriages. The second 
plane is 600 yards in length, and 126 feet in height, 
and the third 320 yards in length, with 120 feet fall. 
The whole were designed by Mr. William Reynolds, 
who constructed a plane of the same kind in 178.8, 
with a fall of 73 feet, for 8 ton boats. 

In Cornwall, a rail-road, 6 miles in length, has 
been constructed, from the harbour of Portreth to the 
mines near Redruth. 

And an extensive rail-way from Stockton by Dar- 
lington to the collieries on the south-west side of the 
county of Durham, is now nearly completed. It 
proceeds frmn Stockton in a westerly direction, and 
about 3^ miles fiom thence, a branch to the south, 
of 2 miles, leads off to Yarm ; the main line passes 
close to Darlington, and about 4 miles beyond Dar- 
lington, a branch to 41e south, of nearly 2 miles, le^ 
to Pierce Bridge. About 5 miles further on the line* 
the'Blimk Boy branch leads off in a north-easterly 
direction to the Black Boy and Coundon collieries ; 
Ihe extent of this branch is upwards of 5 mUes. The 
mw line continues past Even wood to near the Nor- 
wood and returns in a north-easterly 
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direction to die Etheriy and Witton Park coHieiaeR'; 
The total extent of the main line is about 32 miles. 
It is formed with edge-rails ; and in the last Act of 
Parliament for this rail-way, there are clanses to 
enable the company to make use of loco-motive 
engines. 

These instances of the application of nil-ways in 
England, will furnish a tolerable idea of the utility of 
this increasing mode of conve 3 rance. 

Rail- Roads in Wales. 

In Wales, the rail-roads communicating between 
the iron-works and coal-mines, and branching from 
the canals and rivers to the principal mimng districts, 
are very numerous, and have proved very beneficial 
undertakings both to the constructors and the 
public. The main rail-roads are joined by many 
smaller private ones, commonly called tram-roads, 
which give a great facility for traffic, in a rugged 
country like it, where the common roads are very 
bad. In 1791 there was scarcely a single iail-way,in 
South Wales; and in 1811 the complete rail-roads 
connected with canals, collieries, &c. in Monmoudi- 
shire, Glamorganshire, and Caermarthenshire-, 
amounted to nearly 150 miles Ik length, exclusive of 
underground ones, of which one company in Merthyr 
Tidvil possessed about 30 miles. The quantity is 
dmly on the increase, and we shall only have occa- 
sion to notice the principal ones. 

In consequence of the upper part of the Cardiff, or 
Glamorganshire canal, being frequently in want of 
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watw,fhe‘€)a!'3Sff‘aiWiMeTtii|T (ir^^ttaa^Toaid 

Wii itod'ed parallel t6 ‘it, for a diatanoe ef alnottt 0 
intk^^chfofly'fof Hie iron-worte of Plytacnrtfe, Pea- 
datraa, and Dowlaii^.’ * . - > < ' r i ’ 

K'he Act of Parliament for tram-rbad Was 
Obtained in 1794 (35th Geo. III.) by Messrs. Horn- 
pray, HiU> ahd Oo.' ; and it appears to have been 
constructed under the first Act ever granted for this 
species of road. The width of the land allowed to 
be purchased was 7 yards, and the'whole length of 
the line is shout 26f miles. It is one of those cases 
where -the mggedness of tht^ country renders any 
comraunicatfon difficult, but there are certainly fewer 
difficulties to contend with in rail-ways than canals, 
in Such districts. 

It was on this tram-road that a trial was made of 
Trevithick’s high pressure engine, on the 21st of 
February, 1804, for drawing the * carriages. The 
same species of -engine has been more recently ap- 
pliedjWith better success, by Blenkinsop and othetu. 

The Aberdare canal, which branches from the 
Gturdifr canal, is connected with the Neath canal 
by rail-ways, the communication being completed by 
an immense inclined plane, up which the waggons 
- we drawer by a high pressure engine. 

The Sirhoway railllh)ad, or tram-road; commences 
from the Monmouth canal, at Pillgwelly, and pass- 
4n§ through Tredegar Park, up the SWy river, at 
Risca crosses that river by a bridge of 16 ar^es; 
'Stod' following afterwards the course of the river 
Sirhoway, by Tredegar and Sirhoway iron-works, to 
Trerill lime-works, a total distance of about 28 
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mites; sad itte acaompaated tfai-OMSh ail its 
fby A 90 Qd twnpUce-road. Fram ihe Sirboway sail* 
way there are branches to .several ccilieries« one to 
the Romney iroinr<works, and others in two places to 
the Moomouthshiie eanal. One horse draws about 
10 tons down diis rail-way, and returns wi^ tbe 
empty carrisgeB. The Act was obtained the ^2d 
Geo. 111. 

The Brinore rail-way also leads from it, and is con- 
tinued over the Black Mountain to the vale of the 
Uske at Brecon, and from thence to Haye on the 
Wye* By means of this communication, the price of 
coals in the upper parts of the counties of Hereford 
and Radnor has been much reduced. 

The Blacn-Avou rail-way also leads to the Mon- 
mouthshire canal, its length is 5^ miles, and it rises 
610 feet in that distance, to the BlaentAvon fur- 
nace. * 

The Caermarthenshire rail-road commences from 
the dodc. or harbour of Ltenelly, and extends 15 
miles, through a productive coal Country, to foe 
Ihne-works at Llandebie ; and from foe eastern side 
branch rail-ways to foe extensive coal-works of 
General Waide. Its general objects are foe export 
of coals, iron, lead, &c. The Act was obtained foe 
43d of Geo. 111. 

Fnom Mr. Palmer’s experiments it appears foat 
llh« will draw only 59ibs. on a level part of this rail- 
,way.* 

The Oyster-mouth rail-way proceeds from Swan- 


DewnptHHi of a Rail-way on a New Pnnciplc, p. 29. 2d edit. 
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seal, 7 mites ateng coasl^ to the villagh of 'Oystef>> 
it is intencted.chiefiy ter tfae.cmrtege of 
limi^stcme. Act 44th Geo. III. 

j^veral other rail-M/uys cominuiiicajle with the 
Swansea oanal from the coal-woikaia its neighhonr* 
hood. , . - > 

The Abergaixetmy rail-way jn'oceeds Ircaa the 
firecknook canjd, and passes by a bridge over the 
Uske to Abergavenny. From the same canal there 
is a rail-way branch to Uske and to Haye, and various 
others to coal and iron-works; and at the iron- 
works near Pontypool there nre some lofty inclined 

The ftuabon Brook rail- way commences from an 
extensive basin at Pontcysylte, on the nrwth bank of 
the river Dee ; it is a double rail-way, and proceeds 
with a gentle ascent past Mr. Hazledine’s iron- 
works, and through among numefbus collieries to 
Ruabon Brook, a distance of 3 miles. 

Of the .Welsh rail-ways, we shall only further 
notice the rail-way for conveying slates from the 
Penrhyn slate-quarries, because it differs frmn the 
ordinary rail-ways. The rest of the rail-ways in 
Wales have flat or tram-rails, almost without ex- 
ception. 

Penrhyn rail-way, hteoi the Penrhyn slate-quarries 
in Caernarvonshire to Port Penrhyn, extends a dis- 
tance of 6^ miles, and is divided into 6 stages ; it 
has § of an inch fall in 1 yard, that is 1 part in 96, 
and it has 3 inclined planes. This rail-way was 
begun in October 1800, and finished in July 1801. 
It has oval-formed edge-rails of cast iron, 4^ feet 
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long; aoikd % fe«t apaii. (See fig. 7, Piste 11.) 
horses ^nmr. 24 ^sraggons <nie stage > 6 times per ^Say, 
and carry 24 tons eaeh- journey, or 144 tons per 
day.; l%ie wheels of the waggons are of cast iron, 
14 inofaes diameter, and weig^ fifilbs.* 'Accorc^iig 
to Mr. Palmer’s experiments, it requires lib. to draw 
87%8. on the Petwhyn rail-way, when the railsai^ 
level; f whiie'on die edge-trails' of Newcastle, lib. 
will draw 17dlb8. ; this difiereaoe arises- ftom the 
smallness of the wheels used on the Penrhyn rail- 
way. But, maperfect as it is, it has been great 
value to the prcqnietors of the slaie-qaaiTieB, by 
saving an immense expense in horse labour. The 
carriages are very low, ffiod apparently convenient 
for conveying slates ^rt distances ; in fact, dieyare 
rather trams than waggons. 

' " Ritti-J^ads id Scotland. 

Rail-roads have not yet been eonstmcted any 
great extent in Scotland, though some very eonsi- 
derable ones have been [Mrojected. They are, how- 
ever, much employed foroshort distances at some of 
the principal coal-works and the like: the most 
considerable is that from Kilmarnock to the' harbour 
of Troon, in Ayrshire, a distancaAof 10 miles. 

Troon rail-road was formed at the expense of the 
Duke of Portland, the proprietor of the coal-fields in 
that part. It is a tram rail-road, and is supposed to 


* Repertory of Arts, vol. iii. p. 285, and vol. xix. p. 1 New .Scries, 
t Description of a Rail-way on a New Principle, p. 29. 
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.-bait been directed by Mr. .Jessop, wba wa? ex- 
,tN^ely pftitialtto tbat spedes. Ite chief ine is for 
the caxria^. of coel luid lime ; in which u ticles a 
great trade is carried on by means of this rail-way. 
The siae of the Kilnutnaock , coat-waggons is, on an 
average, length 80 inches, breadth 46 inches, and 
depth 30 incW ; each contains 40 bushels of coal, 
equal to 32 cwt. of good coal, or 35 cwt. of malt- 
ing coal. These waggons weigh about 13 cwt. 
when empty. Some horses take down 2, and others 
3 loaded waggons ; and the general inclination of the 
rail-way is 1 in 660. Yr dons species of waggons 
however are used on it; even^mmon carts are 
allowed to go upon it if the whl^s be cylindrical, 
and no greater load on one pair than 28 cwt.* 

Alloa colliery rail- way is about 2^ miles in length, 
with cast iron rails ; each loaded waggon contains 
1 ton of coals, and 1 horse draws 8 waggons on the 
rail-way. 

Various other rail-ways are in use in the mining 
districts of Scotland, and chiefly of the edge kind ; 
and those which have been lately constructed are in 
general of malleable iron. Mr. Stevenson says, that 
the establishment of the Garron Company’s rail- 
ways is understood to have reduced their average 
monthly expenditwe for carriage from £1200 to 
£300. t 

The reader will now have acquired some idea of 
the importance and economy of rail-ways, and will 

* Art. Rail-way, Napier’s Supp. to Ency. Bnt. p. 415—417, 
t Dr. Brewster’s Edin. Ency. art. Rail- wav, p. 304. 
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be in some degree prepared by the facts we bafT6 
collected * to enter a little more into the detail of 
this truly British system of constructing roads. 

* For variom facU relatinl' fo the rtiH-wa^B ia the Bouthera {MM 
of England, and the Welsh tram-roads^ we are indebted to the exceir 
lent art. Caxai,, in Rees’s CyclQ|^tdia| written by Mr,, John FaUqr t 
aiid to the valuable art. Navigation Inlaid d, in Dr, Brewster’s 
Ed 111. Encyclo. ascribed to Mr. Telford ; in addition to the works 
already quoted. 



CHAPTER II. 


Of the Afferent kinds of Rail- Ways, and their compara- 
tive Merits and Uses — E^e Rail-Roads — Tram- 

Roads — Single Rail-Roads. 

There are but three distinct kinds of rail-ways. 
The oldest and most extc f.sivelyjulopted plan con- 
sists in laying rails of wood fl||||||b for the use of 
carriages with guiding flanges <s|Pbb wheels ; these 
are now termed edge rail-roads, in consequence of 
the iron-rails being narrow and deep. 

The next method differs from the first, in having 
the guiding flanges upon the rails instead of upon 
the wheels of the carriages ; it gives the advantage 
of employing carriages that can be used where there 
are not rails laid down. Rail-ways of this kind are 
called tram-roads, from their being first used for 
running trams upon. The rails are also called flat 
or plate-rails. 

The third method consists in employing a single 
rail for carriages with two wheels ; the rail being 
raised above the surface of the ground, and the car- 
riage suspended from it. This method is a recent 
invention, and promises to be an useful one : reserv- 
ing, however, our remarks upon it fw their proper 
place, we shall proceed to describe the kinds we 
have enumerated, and m the same order. 
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Edge Rail- Roads or Wcys. 

Edge rail-ways were first constructed of wood in 
the neighbourhood of Newcastle, for the purpose of 
conveying coals to the side of the river Tyne; and, 
occasionally, these wooden rails were covered Kwitb 
plates of wrought iron in the parts liable 'to much 
wear. In adopting cast iron for rails in the same 
neighbourhood, the same kind of wheels, and the 
essential structure of the rails, were preserved, the 
sole di^erence being in the circumstances which the 
use of a new in|a|l^ rendered necessary. Figs. 3, 
4, and 5, Plate l|||Rew the side view, the plan, apd 
the cross section cast iron edge-raU, of the form 
which is adopted in the best rail-ways on the banks 
of the Tyne and Wear. The waggons run upon the 
rounded edge of the rail, which is smooth, and laid 
as even and regular as possible. The length of the 
rail is usually 3 feet, with a depth of about 4^^ inches 
in the middle, and breadth of the top 2 inches ; but 
in some rail-ways the rails are 4 feet long. The 
ends of the rails meet in a piece of cast iron, called 
a chair, (see fig. 6,) and the chairs are fixed to 
blocks of stone called sleepers, with a broad bi^se, 
and weighing from 1^ to 2 cwt,^ These are firmly 
bedded in the ground, and adjusted to a proper plane 
for the road, before the chairs are connected to 
them. The goodness of the road depends much on 
fixing the sleepers in a sound, firm manner. Some 
variety has occurred in the form of the edge-rail in 
Wales ; for the rails of the Penrhyn rail-way were 
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iiade>»t first of an oval figure, but it was found that 
oirol railwore^bhe concave ^nBiSx of the wheels 
ifety &st into a hollow, fitting so close to the rail as 
to create modi firidi<m, send obliged them to change 
wbods often, ^ Hence Hey altered their radisi 
to the ibim shewn in the sectioa, of the rail'*road 
fig. 7, and tl« erosa sdls connecting them were at 
the saiae time made of cast iron, with dove-taited 
swHeta to receive the ends of the rails. The rails 
aw 4 feet 6 inches long, and 2 feet apart. Each 
laQ wetgbsi Si^bs., each.sill Idlbs., and eaehwa^n 
oavrica 1 ton.* 

. The form of these rails is.coiMj^ably inferior to 
that oC the Newcastle edge-irailaShe swell in the 
aiiddle of He depth of the Penrh^ rail collects the 
giaatest quantity of iron to that part of the depth 
adtete it offers the least resistance. 

•'.'The mode of connecting the two lines of rails by 
cross ban or sills of cast kon, may perhaps be used 
tsith adiwntdge in other cases, but we think the con<' 
aexion of the rails to the sills not so good as by means 
nmilar to the metal ehahtused for the other edge-rails. 
Our rules for He strength and dimensions of the 
parts of oast irtm rails will be found in chap. vii. 

. We have already notioed that malleable iron was 
bdeMionallyiised for protectii^ woodmi rails, bid it 
i({i|iean to have been first employed for He raib 
, HentaelveB by Mr, George* Grieve, .at Sir John 
Hope’s collieries near Edinbuigh; these were made 
1^ indi bars, and used for very light work only. 


Ropertort of Arls, vol. xix. p. 16 . 
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AfoUeftble iroA rials of ti stronger kind were nsed>ki|j|i 
Mr. iP^ilson, ofnGlasgmr, iar a xs^-sray on tibn'pcol^ 
petty of the Earl of <Masgowi connneiich]^ at tint 
Horlet coal' and 'liaii&<troi^ and fflCteai&tg'' 
Pairiey canal, a distance ^ inilea^ Hie Isnutii 
of each rail being 9 lleet, it unsupported atieMi0y9» 
feet, and is 24 inohes deep,* and f of an indik 
the waggons carry about 35 cwt.* 

Malleable iron rails, formed of rectangular baag^ 
must obtriously {U'esent too small a suiface for the 
wheels to run upon, or otherwise require more attateo 
rial than it would be consistent with economy to 
employ ; and to^gfariate this difficulty a pateikt was 
obtained by MljSjbhn Birkinsbaw, of fiedhngtMt 
lron« works, DurhW, for an improved form for i'tiw 
bars to be used as rails. It consists in giriiig*tiMr 
bar the form of a triangular pnsm, or such variaitioo 
of that form as is best adapted for the purpose.. 
Fig. 11 reptosents the section reccHmaaended 
Mr. Birkinshaw, and he proposes that the rails 
should be 18 feet in length. Fig. 10 represents 
another form, which is evidfently better. His sug- 
gestion respecting welding the joinings would rather 
^ injurious than useful, owing <> to the expanaiofi in 
length by variation of temperature. • 

The chief advantage of wrought iron fails it .that 
of reducing the number of joints; and the diffieiiltj'* 
of makii^ the rmls perfecdy eveb at the joints has 
eontidbut^ much towards their introduction. 1 1 
Edge-rails are most adapted for permanent Wevhl* 


* Napwr’s Supp. to Sucy. fifit. art. Rall-WAV. p. 4l6. 
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I^ir^.are .of sMit A aaiuite (that.on^narsr'cainagBs 
jB0mot be emftioycid upoo^ .them ; but cm Any mil* 
urhere’ such carria^ oan be used, tbey miMt 
do* more, injury to toe sHsfacee of the raUe -tium rmll 
be equivalent to the advlntafe of suffearing themtto 
go there. Qonsequently, UkiaU'Way with edge^rails 
is much mwe likely to be kept in good order than 
any other. It is of the utmost importaime in A rail<- 
vitay that the upper surface of the rails should be 
perfectly even and smooth; the very object of 
puttmg down rails is to obtain such surfaces; Imt 
toey would be kept in oaieripoly a ve^'y short time 
if carts or waggons from a coQunton road were 
allowed to turn on to them wi;^ wheels covered 
wato gritty mud ; while the temptation to use a rail- 
way in this manner is great; lor toe load whieh.'re-^ 
quired a horse on the common road might be drawn 
by a man on the rail-way ; thus enabling them to 
go at greater speed, and yet with less injury to the 
horses. 

TVam-Roads ^ Flat Rail-Roads. ‘ 

. The rails of tram-roads have always been fmmed 
of cast iron; planks of wood were used, indeed, ' fan 
a similar purpose, and still are on some octoassonsy 
but we can scarcely consider thein as i9nnH^,ai 
wooden tram-road. The tram-rrail is, howevibr, 
exceedingly convenient for ten^rary U8esi> and ta* 
its (Mrdinary form, (see the seetkm of a tram-rohdi; 
fig. 18, Plate III.) it is much used in quarries, in 
mines, ip forming new roads, and in digging cuaals; 
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m «9Mreyiiig large etoocg for buiklmgs and variebt 
otiier purpose*. Tmn>vaiis are of a very weak 
form ooDBidcri^g tlie quantity of iron in them, and fo 
aotne storks H has been found neoeesaiy to strengthen 
tiiem» by adding a (ib on t^e under aide, (see fig. 19,) 
the rails used in repaumg Surrey tram-road are 
of this form. It certainly renders them much 
stronger than any other form we have seen. See 
Chap. VII. 

As tram-rails are applied with so much benefit in 
fomling temporary ways, the. most convenient and 
ready mode of putting them dovm, is an object of 
some importance. The common method is, to fix 
them, with nsul4|..'<}r spikes, upon cross sleepers of 
wood. The chief inconvenience of fois plan is the 
difficulty of driving and drawing the nails, when they 
have to Le chani^’eJ. 

For permanent roads, the rails are usually fixed by 
spikec driven into wooden plugs, [previously inserted 
in the blocks of stone for supporting th% rails. See 
fig. 18. 

An attempt to improve the method of putting 
down tram-plates, by Mr. Le Caan, is the only one 
vre know of which gives any facility in taking up, or 
patting down the rails, and though it does not meet 
mir wishes entirely, we w .,1 describe it here, as it 
may suggest something better : — 

Le Caan's Tram-Plates for Rml-Roads. — These 
tram-plates are contrived so as to fix one another 
witfoeut the aid of nailing. Fig. 21 is a longitudinal 
section of two plates placed on their stone blocks or 
sleepers, G D E ; and fig. 20 is a [dan of the two 

D 
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plates. ( The fidiates are joined by a doTeta^ed noteh 
and tenon ; and an oblique plug is cast on ^eaoh 
plate, Tvbich is let into ’;die> stone block or^sleeper. 
But, :for -the adrantage- of taking up die plates to 
repair any defect, there are plat^ .at every thirty 
yards, with perpendicular iplugs, as at E; such 
plates are called stop-plates. Fig. 22 . shews the 
end of a rail with the tenon which fits a correspond- 
ing notch in the end of the next rail, and die form 
of <Mie of the oblique plugs. The- diameter of. the 
plug near the shoulder is If inches, at the point one 
inch } its lengtli 2^ inches, and its obliquity, shown 
in hg. 24, is about 8 degrees. A small groove in 
the whole length of the exterior of iCach plug is made 
to allow the water in the hole to expand in freezing, 
and it also serves to admit a wire to draw a broken 
plug out by. The holes for the plugs should be cut 
to the depth of 3 inches, by a standard gauge of 
cast-iron, an;| counter-sunk so as to allow the end of 
the plate to bed firmly on the block which suppeuts it. 

Fig. 22 is one of the ends of a tram-plate, in which 
II, slmws the fianch or fright edge ; I, the flat part 
or sole, on which the wheels of the waggons run; 
t>, one "of the plugs ;:^d K, a projection behind, to 
render the plates firmer upon the blocks. The 
usual length of one plate, is 3 feet ; the fianch is 
inches high, the sole or bed 3^ inches, (ht 4 inches 
broad, and f of an inch thick, but these dimensions 
are varied according to circumstances;' the most 
approved weight has been 42 lbs. for each plate. 
The ends from which the plugs project, and in 
which the tenons and notches are made, should 



TRAM-RAILS. 35 

be ^ aA indi thicker than the other part of the 
plate. 

The wei^t of tiie blocks, or sleepers, ^ould not 
be less than about 120 lbs. each ; and some ki n ds of 
ground wul require heavier. 

In this metibod the ytheels of the waggons cannot 
be obstructed by the heads of nails rising above the 
surface, and the blocks are not disturbed by fixing 
the plates; and when repairs are necessary, 25 yards 
of rail-road may be taken up and relaid in abmit 
10 minutes; and, from die nature of the joint, it is 
difficult to deviate from a straight line. Where 
curved lines are necessary the plates must be formed 
for the purpose.*^ 

When tram-plates are fixed by spikes to stone 
sleepers, there is some difficulty in keeping the joint 
even and in its place, but it seems to be successfully 
obviated by using a saddle piece to receive the ends 
of the rails at the joint, an improvem^t which was 
introduced by Mr. Wilson,! on the Troon tram-road. 

Tram-roads are much esteemed in Wales ; and, in 
consequence of using them#' they find it desirable to 
divide the pressure upon the rails as much as possi- 
sible ; hence, they have sma^ carriages, and these 
lead to small wheels, so that the effect of a ^en 
power is not above half what it ought to be; and yet, 
the enormous increase of rail -roads in Wales, renders 
it evident tha t, they receive some benefit from adopt- 
ing this system of conveyance. 


• Transactions of the Society of Arts, &c., Vol. 25, p. 87 ; 1807, 
t Dr. Brewster’s Bncyclop. art. Kail-way. 
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Single Rail- Road, or R aimer a Rail-VTay. 

* i ' 

< ' li'he rail>foad invented by Mr. Palmw, is 6f a 
novel and ingenious kind. The eanriage is draera 
hpcm a singli rail, the surface of vrliieh is railed 
about 3 feet above the kvei of the ground, and it is 
supported by pillars placed at equal distances;, ^ 
average distance apart being about 9 feet. The 
earriage consists of two receptacles or boxes 8us> 
pended one on each side the rail by an irem frame, 
having two wheels of about 30 inches diameter. 
The rims of the wheels are concave, and fit to the 
convex surface of the rail ; and the centre of gravity 
of the carriage, whether loaded or empty, is so far 
below the upper edge of the rail, that the receptacles 
hang in equilibrium ; and will bear a considerable 
inequality of load without inconvenience, owing to 
the change of iukrum from the breadth of the rail, 
which is alxmt 4 inches. The rml is also made 
capable of adjustment, so that it may be kept straight 
and ev^. * 

„ Tim advantages of this arrangement consist in ks 
being more free from laferal friction ^an even the 
edge rails; and, the rail being raised higher above 
the ground, it is much less liable to be covered witih 
dust or any extraneoua matters likely to affieet 
motion of Ae carriages. Also, where the surfiiee of 
a country undulates considerably, a rail-way of this 
kind may be made without cutting to level the 
surface, except so far as is necess$iry to mvlce 'a 
track that a horse can travel in. 
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Whefi'^ hearses are employed, a track n^e b re- 
quired, enables them to dra\r without material 
alteration of the angle of draught, while the weight 
of the rope serves as a spring to regulate the variable 
exerdons of the horse.* / 

' We expect, that this single rail-Foad vrill behnuid 
by far superior' to any other for the coaveyanee«^^of 
the mails and those li^t carriages of whkh speed ia 
the principal object ; because, we are satisfied, that 
a road for such carriageii must be raised so as to be 
free freon the continual interruption and crossings of 
an ordinary rail-way. A carriage moving at a greater 
rate than about 6 miles per hour, on a rail-way, 
must be raised so as to remote the possibility of 
overrunning people, or of dashing against other 
, vehicles. Carriages running smoothly and rapidly 
with a small moving power, cannot be checked 
suddenly ; and they admit of no change of direction. 
But, were a rail- way elevated 10 feet above the 
commem roads, these accidents could not take place, 
except through neglect; the passengers would not 
be raised to a much greater height than the top of a 
common coach, and in a suspended carriage, whic|i 
could not possibly overturn. A road of thb Idml 
would be more free from interruption than any 
Otiier ; and a velocity sufficient for any useful pur- 
pose may be obtained at a small expense of power, 
in a mode pointed out in the fourth chapter. Un- 

• See Palmer’s “ Description of a Rail-way on a New Principle,” 
wbemafnll fletail of the nature of this invention u|^v^ ; illustrate by 
plates, with some judicious remarks on iail-wSys of other kinds, 
and a set of comparative experiments. — Taylor, f/mdon, id Rd. * ’ 
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doubtedly, a carriage might be suspended from 
between two rails raised at any height above the 
ground ; and there would be some convenience in 
^is arrangement, but it would be much more ex- 
pensive, for the rails must be made firm and equi- 
distant. As to tlie circumstance of the single rail 
dividing the carriage into two parts, that would most 
likely be esteemed a recommendation. 



^ CHAPTER III. 


Of the Force required to produce a given Effect on Rail- 
Roads — 27ie Resistance from the Weight of Wheelst 
with Experiments — The Resistance at the Rails — The 
Resistance at the Axes of Carriages, with Experiments 
— Of Accelerated Alotion on Rail-Roads — Ratio of 
Friction to the Pressure — Pt'oportions of Loco-motive 
Engines for plain Rail-Roads — hvclination for a 
Descending Trade — Proportions for Loco-motive 
Engines for Rails with Racks — Of the Afotion of 
Carriages oh Rail- Ways — General Remarks. 

There are so many circumstances that affect the 
motion of carriages on rail-roads, that, in tlie investi- 
gation of the subject, it will be necessary to divide it 
into parts, treating only of the most important. — 
1st, Considering the resistance arising from the 
weight of the wheels; 2dly, ‘.he resistance at the 
surface of the rail ; 3dly, the resistance at the axis ; 
with a comparison of each species of resistance and 
the practical maxims arising therefrom. 

.f. 

Of the Resistance from the Weight of the Wheels, 

If a wheel be retained at rest on an inclined 
plane, by a force P, acting in the direction P C, it 
has been proved by writers on mechanics that the 
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weight of the wheel is to the farce that'ietehtf it, m 
A fi iiito B D. 



But a greater force than is determined by this 
proportion is necessary to roll the wheel up the 
plane with a uniform velocity ; even on the supposi- 
tion that the plane is perfectly hard and smooth. 
For let the moving force be attached to the centre of 
the wheel, then its velocity must be the same as 
that of the wheel’s centre; but the quantities of 
motion in the wheel and the moving power must be 
equal ; and since every point in the wheel, except- 
ing the centre, describes a longer line, and conse- 
quently moves with a greater velocity than the 
power, therefore, an excess of moving force is re- 
quired; and the quantity of excess we will now 
proceed to estimate. * 

itvery point in the circumference of a wheel 
describes a curve, called a cycloid ; and aniflpizi^ 
that the Imigths of the curves described by’ the 
intenAedlate points between rite cincumference 
tire centre, decrease in length in proportion to their 
disWce from the circumference, the length of a 
cycloid being 4 times the diameter of the gmierating 
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diiviej' tige mesa of ^ mattot m rijlo/ 

wheel, supposing it to be a solid eylnidei^, wdt tie 

2^^^^ ~ 3‘57, the velocity of the axis being 

3’1416; hence, 'the power to keep the wheel in 
motion, is to the power to- keep the same quantity 
of matter collected at the axis m motion, as 1*137 : 1, 
or a little more than one-eighth greater. In wheels, 
a greater portion of matter is disposed nearer to the 
circumference, but following the same mode of esti- 
mation, it does not appear, that more than one-fifth 
of^tti^ weight of the wheels need in any case 
added to give the equivalent mass which mny hie 
estimated as collected at the centre of the wheel. 

The same conclusions apply to wheels moved on a 
horizontal road, and to any size of wheels ; and the 
theory of rollers and roller wheels, involve the same 
considerations. 

JSjept. I. — ^We were now desirous of ascertaining, 
by experiment, the force necessary to roll cast-iron 
wheels on a level rail-way with wrought-iron rails. 
For this purpose the wheels were put on an axis 
which had a barrel or roller 1'2 inches in diameter 
fixed on it, at the middle of its length. A fine 
flexible thread was wound round this roller, and 
passing oyer a pulley, it was drawn parallel to tihe 
re^ at its extremity. Tl^ weight of a 

pair oR iqcti wheels and the axis, wp ^oz., and 
thgse toUed.freeiy along the rails with a weight 
192 grains, the friction of the pulley having b^il 
asp^rtained by experiment and allow^ for; and this 
fbroe iUt equivalent to 250 grains, at the le^l 
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of the ions ; or the moving force acting at the level 
of .'the axis was .-gV of the weight.* 

Expt. II. — The weight of a pair of 8 inch wheels 
and the axle, was 119oz., and rolled freely with a, 
weight of 250 grains, when the friction of the pulley 
was allowed for, which is equivalent to 288 grains 
applied at the axis ; or the moving force acting at 
the level of the axis was of the weight. 

Hence, the ratio of the moving force to the weight 
of the wheel, is inversely proportional to the dia- 
meter of the wheel ; for the diameters of the wheels 
are as 2. to 1, and i.s to -j-’--, very nearly as two 
to one. 

It appears from these experiments that the re- 
tarding effect of large wheels will not materially 
affect the motion of a carriage ; and further, that we 
may consider the weight of the wheels as part of the 
load resting on the axles, which, while it greatly 
simplifies all inquiries concerning the movement of 
carriages, does not lead to an error worthy of notice 
in practice. 


The Resistance at the Surfaces of the Rails. 

It often happens, that a great part of the resist- 
ance at the rails arises from the lateral rublpiig of 

* In making these experiments we were reminded of the similarity 
of the apparatus to that which Paconius invented for moving the base 
of the colossal statue of Apollo from the quarry. (See Vitruvius, 
Lib. X, Cap. VI.) If Paconius had had a rail-way^ he would have had 
no difficulty in making his machine keep a proper direction. 
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tke guides of the wheels ; therefore, it. is denrahfe to 
give the wheels a tendency to* keep in their path 
with as little assistance from the guides as possible. 

For edge-rail carriages this may be accomplished 
by making the rims of the wheels slightly conical, 
or rather curved, as shown in fig. 24 ; the carriage 
will then return of itself to its proper ],)osition on the 
rails, if it be disturbed from it by any irregularity. 

In the tram-roads the rail might have a shape 
similar to the rim-wheel of edge-rails, which would 
give the wheels a tendency to keep clear of the 
guides; as when the wheels do rub against them 
the resistance is very much increased. 

In Palmer’s rail-way there is .scarcely any lateral 
rubbing. The form he proposes for the upper edge 
of the rail, is a flat segment of a circle, the wheel 
concave and nearly of the same curvature ; and this 
appears to us to be the best form that could be 
chosen for avoiding friction. 

Another species of resistance is occasioned by 
extraneous matters on the rails, and from unevenness 
at the joints. Sometimes these will have the same 
effect on the motion of the car’jiage as ri.sing over 
an obstruction ; and in this case large wheels have 
the’advantage over small ones. 

If R be the radius of a wheel, and u’ the height of 
the ofeatruction, P the moving power, and W the 
weight of the load on the axle, then R - u- will be 
the leverage the power acts with to ra ise the wheel 
over the obstacle, and v'^Ru’ - will be equal 
to the leverage by which the load acts to resist the 

effort of the power, and, therefore, ^ “ ~ ^ • 
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it 'ttppetttv, 4hat the peiiief tr«4uire(tl6 
ttBitit a wheel frver an obstacle of a g^iren heijght, is 
hehily inversely propertioiial to the scpkartl root' of 
IhO radius of the wheel; ‘ or a wheel of 4 feet 
diameter would be moved over aol ehatacle with half 
the power necessaiy to move a whoel of 1 foot 
diameter over the *same obBtaclei . . 

When the wheels cmd the rails they move upbn; 
are so proportioned that the stress does not cause a 
{)ennaneRt change in the surfaces of either of thmn, 
then the resistance arising feom the depression of 
the surfaces as they come into contact, will be 
almost wholly counterbalanoesd by the spring of tiie 
Surfaces which are quitting one another ; and a very, 
small proportion of power will be^lost. But where 
a permanent alteration of form takes place, or where 
dust or other matter, ndtich crushes under the wheels, 
i» on the rails, the resistance at the rail becomes 
considerable. 

We may in either of these cases, on account of 
die smallness of a, reduce the preceding equation to 

= P. But T must be directly as W, knd 


w 


inversely as the radius nearly; hence; x : ||>; mid we 
have ; P, or ^ : P. 


Itappeam then, tbatwhen thm^e is a remataner if 
the siitface of the rail, fipom the causes above 
noticed, it ihcremms in a more t^id mtao dian the' 
weight increases; viz., as the squme root of the 
<mbe of the weight; and therefore, there being 
almost invariably such resistance on tram'rails, we 
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fie9 the |H-o{>r^y of the proctiea) maxim of di«M|iiig 
the pressure as much as possible^ on such roijhk 
But Jarg^ wheels have the advantage in this case 
also ;,the<p<mer necessary to overcome the resistance 
being mversefy as the cadins of the ivheel. 

The resistance from dost is greater than would ha 
expected; Mr. Palmer made an experiment to ascer- 
tain its effect the Cheltenham tram-road, fhtHn 
whence it appears that it required lUi per cent 
more power to draw the same carriages when the 
rails were slightly covered with dust, than when 
they were swept clean.* 

On edge rail-roads jdust and dirt cannot so easily 
accumulate, but when it does accumulate <m rwls 
where waggons with small wheels are used, its re- 
taiding effect is so great as to induce the managers 
of rail-ways to have water carried before each train 
of carriages to sprinkle and wash rite rails. Mr. 
Palmer remarks that this is done on the rail-way of 
the Penrhyn slate quarries.f In other edge mil- 
ways, where the wheels arm larg^ and the rails 
furriier apart, no such expedient is necessary. 

It will be obvious that whatever be the amount of 
the jBesistance at the rails, lit is of such a nature tbaf 
it is difficult to reduce it to calculation ; it depends 
much on the manner in which the rail-way is exe- 
cuted} a«d not a little oa the state it is kept in. 
Qur object ha® therefore been to shew only the <ur- 
cumstances which operate in reducing the quantity 
of thi® resistance, 

• DficiipUon of a Rad-way, Stc. p. 16. . t P> f 
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Resistance at the Axes of Carriages. 

We have reserved to the last place that part of 
the resistance which consumes the chief part of the 
moving power on rail-ways. It is a subject which 
we cannot treat in a proper manner without the aid 
of both experiment and mathematical reasoning, but 
w4 propose, to group our mathematical inquiries in 
distinct paragraphs, so that the general reader may 
pass the algebraical det.nlswith no further interrup- 
tion than turning over the pages which contain them. 

The pressure on the rubbing parts at the axis of a 
carriage is proportional to the’weight of the body of 
the carriage and its load added the stress of the 
power which moves it; the pressure being in the 
direction of the resultant of these forces. But the 
stress producing friction at the axis may be con- 
sidered to be in a vertical direction, and equal to the 
weight of the carriage and its load, as the omission 
of that part of the pdVer which overcomes the fric- 
tion will cause no sensible error in practical cases.* 

It is found by experiment that the friction of such 
bodies as are used for axes and their bearings, or 
bushes, is nearly proportional to the pressure in 
similar circumstances. 

The pressure on the rails will always be greater 
than the pressure on the axis, by the stress from the 


* Those who wish to enter more minutely into this question may 
find an example of a similar inqiury in Poisson’s Traite de Mecani- 
qwe, Tome I., Art. 130, 
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weight of the wheels ; therefore, if the rails be only 
of the same smoothness as the surfaces at the axis, 
the wheel mhE not slide on the rails. 

But the centre of motion is at C, the centre of the 
axis : and, let C B be the direction of the power, 
and £ A the direction of the. resistance from friction 
at.tlie surface of the axis ; the wheel be'mg retmned 
from sliding on the rail by the friction at D. 



Now, conceive the power to move the wheel 
forward, and it will be obvious that the friction at D 
acts with a leverage D C, to turn the wheel on its 
axis ; while the friction of tMe axis at A acts with 
only the leverage A C, the radius of the axle, to 
resist the effort of the moving power. Hence it is 
clear, that as far as the friction of the axle is con- 
cerned, if you double the radius of the wheel you 
reduce the power necessary to move thfe carriage, 
one-half, and so of otlier proportions; for the same 
axle will carry the same load, whatever size the 
wheels may be made. » 

This truth has been repeatedly published in this 
country, and yet it is singular that it has been over- 
looked by many of the writers on wheel carriages. 
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ewea ]»y those who have made experiments; indeed, 
in the description of their experiments there is 
scarcely an instance of the ratio of the diameter of 
^ wheel to that of the axis being given. 

But, however satisfactory it is to arrive at an 
ttsehil truth by reasoning, it is still more so to con^ 
Bnn it by ea^>eriment. For this purpose we had a 
small carriage made with two sets of wheels; one 
fuset double the diameter of the other. We used 
revolviig axes of iron, working in brass bearings, so 
that, in changing the wiieels, no change was made in 
the rubbing surfaces. The wheels are of cast iron, 
the rims turned, and the^dkmeter of the small 
wheels is 4 inches, that of thelarge wheels 8 inches, 
and the diameter of the axes 0’5^inches. The rail- 
way is 12 feet long, formed of twc^pieces of bar iron, 
on edge, grooved into two pieces of deal 4-^ inches 
deep, and framed together to the proper width for 
Che wheels to move upon the iron rails. The iron 
rails were filed straight and smooth on the upper 
edgfes ; and we thusdiad a rail- way which we could 
place le’i^> at any degree of inclination. The 
followiaig experiments were made with the raile 
level, and tbe axes piled with olive oil. 

Ejipt. Ill, — ^The 4 inch wheels were put to the 
canriage, '4lid it was loaded till a we^liC of $lbs. 
passing over a pulley, and drawing in a line panlkl 
to the rails, produced a regularly accelerated morion 
,on ^e rails, adjusted so that the first 3 feet wene 
described in 9 seconds. -The total weight of the 
carriage and load was 120^ lbs., and the friction of 
the pulley was asc^tained to be *067 lbs.., wh^ 
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infuMring &t h'l^ce, ''Me 

force was* l*j|^3lbs.j .and p^.56p,(..t;]^ati8,the|Qfftii 

was moved by fV *t8 weigh!. 

A moving force of 44ba. was then pat; aiid^the 
load increased till the same i^aoe was desdHbed in 
same time, as nearly as we could adjust 4t. 'iHfo 
total weiglit ot* the carriage and load wtw now fouiM 
to be 230'51bs., and the moving fo{^ 3*886 lbs.;!* 

1 41 ^ ^ 

consequently, the moving force was gjrj of the 
weight. 

From this experiment it appears that the resist* 
ance is not exactly ^^rtlonal to the ptsessure. 

Haft. IV. — 4 inch wheels were removed, 
and the 8 inch oc^^pul on the axes; and the pulley 
adjusted.to render the line of traction parallel to the 
rails. The moving force of 2 lbs. was applied and 
the load increase. J till the first 3 feet were described 
in ,9 seconds; it was then found to be 219*76 Um*, 
including the carriage and vi^eels as before; con- 
sequently, = 113 nearly; or the foad was 

moved by -rrr weight. 

This result does not exactly agree with the ratio 
of the diameters of the wheels, as it djlfers alM;mt 
-jL when we take the case where the pressure was 
lS0^fbs., and -5*5 when we take that where the 
pVessttre was 230*5 lbs. ; but whether this discre- 
pancy arises from the resistance at the cirdhtti- ' 
fi^rence, or from the friction at the remains for 
ns fo determine. 

' 'When the load was increased till a moving force 
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of generated the same velocity ih tiie some 
tim<^;the total weight of the carriage and Joad was 
foun4 to be 320lb8.* from whence ^ found the . 
moving force to be -|rfj-'part of the load. 

In this case, therefore,' it also appears, that at 
least some part of the resistmice increases in a more 
rapid ratio than the pressure. ^ 

It appears* that a load of 230|^lbs. was drawn by a 
'Slight ^ with 4 inch wheels ; and a load of 
SflOflblP^vas drawn by a weight of 2 lbs., with 8 
inch wheels ; and as the experiments were repeated 
frequently with as little variaUbn as could be ex- 
pected where the coincidenoMf the beat of a pen- 
dulum and the stroke of tne carriage against a 
slight stop at the end of the hrs^ feet were to be 
adjusted, we think that it Inay for rail-roads be 
assumed that the power, in the same circumstances 
hs to axes and pressure, is inversely proportional to 
the diameter of the wheels. 

Resuming ohr inquiry in a more {|pneral form, let 
it be supposed that the power acts in a direction 
parallel to the rails on which the wheels move, and 
level with the axis ; that i^ let A B Be a horizontal 
line; C B, the inclination of the rails; and P c, the 
direction of the moving power. 

I^ut P = the moving power ; W — the* weight of 
the <».rriage and its load ; F = the resistance from 
fricti<m* 9 t the axle; and i =r A B C, the angle of 
'iftC^lDation. • 

P'*- F s: the part of the power employed 
jgttgsjng the carriage to ascend the plane, tmd as 
;;’*W : P — ]?; but the triangles aCc and 
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A ©“0 ai?e*Minaair; therefore, C 6 ; A C ; 
-F, or hec^e sin. *, %e hay^ 

W8m.t»P-F.andWvn.f + F=: 





P. 



* ^ h * 

But F Is prorJWioiml to the pteosure prodt^ 

„„®t2Us b'y tEeseforc^, F“‘?.= 

of the wheels, and r = the radius of the axles, aad 

f- the friction, when the pressure is unity. T|w 

EErrEuro>tw^"^^ 

the resultant-; but this is equal ^ 

p ^ 5X^5 consequently, W (sm. * + -«;) “ . 
the power to move a carriage up an incli«e4 

* j w* i -^-A = the tcndeney of the* cii?-', 

riage to descend, which becomes o when sm. * 

Also, when stti. i is less than^, w have 
W sin. 0-**= ^ * ®**”*8|^ 

\ it 

down an inclined plane. 
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hi Uie latter equation^ whett'^ = sin. t, we have 

P = o; or, the carriage will descend!^ by its own ^ 
weight. Hence, we have an easy experimental 
mode of arriving at the friction by adjusting the 
inclination of the rails till the carriage barely moves 
upon them ; and then the friction is expressed by the 
sine of the plane’s inclination. 

Agaim wh^ the plane of the rails is level, sin. i = o, 

and W = P, which gives the power equal to the 

resistance from friction and our trials which have 
been described having been mti^e in this manner, we 
shall have the means of comparing the two inodes of 
experiment. 

JSxpi. V. — The inclination of the rails was in- 
creased, till the carriage with the wheels of 8 inches 
^Uasneter would descend with a continuous motion 
when loaded with 561bs., the weight of the carriage 
ilid its wheels-being 25flb8. The motion was per- 
ceptibly slower when 86lbs. more vvere added, but 
as regular as before ; and when the whole load was 
taken off, tlie carriage ran very freely, but at a rate 
not exceeding an average velocity of one foot per 
second, a space of 9 feet being described in from 
9 to 10 seconds. The inclination of the plane was 
found to be 1*76 inches in a distance of 12 feet, 
measured on the inclination. This gives of the 
weight, nearly, for the moving power,, The motion 
was not so regulariy accelerated as to allow of com- 
parison by the laws of accelerated motion. 

JEJtpt. VI. — ^The wheels were removed from the 
carrifl^, and the 4 inch wheels put on ; when the 
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rails had the same inclinatioa as in the preoa dtng 
experiment, the carriage would not move without 
^ additional f^e. The inclination was increased to 
3'35 inches in 12 feet, measnred on the rail, before 
the carriage would move with the same velocity as 
in the preceding trial. Consequently the force was 
equivalent ti^^j weight. When 1361bs. 

were added to the weight of the carriage, the motion 
was slower. The weight of the car^ge with the 
small wheels to it is IT^lbs. ‘ ff 

From these experiments it appears that the resist- 
ance does not decrease exactly one half by doubling 
the size of the whe^,vbut the difference is not more 
than -jL from that ratio. The resistance was much 
greater than in the experiments with the level rails, 
and chiefly from Ihe guides. 

E.vpt. VII. — The inclinatbn was increased till the 
sine of the angle was ’039, and the time of descent 
was counted by the beat of a seconds pendulum, 
the space described being increased or diminished 
till the carriage struck against the block at the lower 
end of the rails at an even second. With the 4 inch 
wheels on, and a load of 40lbs., the carriage de- 
scribed 8*9 feet in 5 secopds ; and 3'3 feet in 3 
seconds; therefore the spaces described are very 
Nearly aa,the squares of the times. 

Eippt. VIII. — ^With the 8 inch wheels, and a 
load of 40lbs. the carriage described 7 7 feet in 4 
seconds. 

To compare these experiments with the foraier 
ones, it is necessary to consider the formula for the 
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pf Jsodies on inclinecf planes. The £c^wmg 
tahl^ contains those most useful in this subject :* — 

1. i=i6*K=r^ ' 


(.'I’' ; 


2 

3. t =z 


64§p 

2» 

V = — = >/t{4Jps. 

3^ 


= v/m 


* * 


. __ _s t;_ 

P ~ 16-^ 32\ t‘ 

Wher^ s is the space described in feet, v the velo- 
city acqiiired in feet per second, t the time in 
seconds, and p the force constantly acting on the 
body moved in parts ( 1 its weight. In applying 
these formulae we shall omit tile fractions, but we 
have retained them here' in order that those who 
think it necessary may employ them. 

We have shewn (p. 51) that W (sin. i — is 


equal to the force which accelerates a carriage down an 

fr 

inclined plane, and therefore j!? = sin, ? — whence. 


by formula 4, sin, e = yj^,orsm. 


fr s . . s f r 

In the preceding experiments sin. i — ’039, and in 
expt. vii. s — 8'9 feet, and t = 5 seconds ; therefore 
8'9 1 


•039- 


-01666 = 

16 X 25 60 


IW ^ W j 

The second trial, where s = 3*3 feet, and t = a 


seconds, gives 



•016 = 


1 

62-5' 


* See Dr. Hutton’s Course of Mathematics, vol. ii.!). 331, Atlf 
edition : or any work on Dynamics. 



RATIO OP FRICTION TO THE PRESSURE. d5 

# 

' * 

In ejcpt. liii. « = 7*7 feet, and t ^ 4 seeonftiB ; 
hence *039 ^ “ ‘008^ = 772 nearly. 

These experiments therefore afford results vety 
near to those of experiments iii. and iv. ; but the 
pressure ^as much less, and in this mode of making 
the experiment we could not conveniently in- 
crease It 


The ratio of the friction to the pressure, as de- 
duced from these experiments, is the next subject to 
be considered : and since the diameter of the axis is 
•56, and that of the wheel 4 inches, when the whole 

resistance is : yij|e have = •'-j- or 



01212. 


From the experiments with 8 inch wheels we have 
= = «-' 2987 . 


The mean between these is very nearly -J, and 
this will be about the friction in practical cases, 
because we avoided that smoothness and accuracy 
of workmanship in preparing our model which could 
not be adhered to in machines for use. 

Expt, IX. — ^To estimate, the friction of the axis 
independent of the friction* of the rail, the carriage 
jjras turned upside down upon a bench, with one 
pair of wheels projecting over its edge, and the 
other end of the carriage secured. A fiat and 
flexible band was placed over each wheel, and to 
these bands a scale on each side was suspended. 
The addition of yl^rth part to the weight, produced 
slow but regular motion with a pressure of 60lbs. 
and with a pressure of 120lbs. ; and though there 
was a sensible variation in the velocity of the mo- 
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tion^^R^ the greater presBute, it was not so |peat as 
to be worthy of regard in practice. If we make no 
allowance for the stiffness of the bands, we havei 

J ]_ 

'J “-SSxiai ” 8-32- 

It is clear from this trial that the resistance at the 
rails is inconsiderable, when they are clean, smooth, 
and even; hence, in investigations relating. to the 
motion of rail -way carriages, we may confine our 
attention to the resistance at the axis. 

Proportions of Loco-mot' Engines for plain Rail- 

J loads. 

When a loco-motive engine is employed to draw 
a train of waggons on a rail-way without cogs, the 
weight of the engine must be sufficient to produce at 
least as much friction on the surface of the rails, as 
is equal to the power necessary to move the train ; 
for if the friction were less, the wheels would move 
round without advancing the carriage. 

Let £ be the weight of the engine carriage, and/' 
the friction when the pressure is unity ; also let i be 
the angle of inclination. 

According to the principles of mechanics, E cos. * 
is equal to the pressure on the plane, and E /' cos. i 
=; the friction. 

Let the trade be a descending one, qpd the whole 
weight of the train of Waggons and theiT loads = W, 

then by the equation (p. 51) W — sin, i) = 
the power to move them, consequently, we must have 

E/' cos. * = W — sin. i ) ; 

E ‘ 

o*** w/'cos, i siu. i. 
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But IB £|j^ch small angles eosine.is not sensibly 
less than the radius, and therefore, practically, 

tt* ~ * ~ inclination ; 

=i W = the weight ofthe train of waggons. 

R" ‘ 

and, yv~ 7 ,- sin. t) = E, the weight of the 

engine carriage. 

When the rail-way is level, then cos. i:p 1, and sin. 

i = 0 , whence — = W; and^-^’ = E. 

It was now desirable to determine the value of f 
by experiment, and which was done in this manner. 

Expt. X. — The wheels of our carriage were fixed 
so that they could not turn ; and the inclination of 
the rail-way was increased till the carriage would 
barely slide on the rims of its wheels. The tangent 

of inclination was then found to be 0'1G5 = ; or 

the friction was very nearly of the pressure, cast 
iron sliding on wrought iron, and both rather smooth 
with wear. But for a case of this kind we should 
estimate the friction at a less proportion, say not 
exceeding for the surfaj^es become glazed and 
slippery by use. With this datum, and making the 
rilation of the friction to the pressure at the axis ^ , 
we shall have 


E 

ST, - nrts = the sine of the inclination of the rails ; 

o K I Z VV 

= W, the weight of the train of loaded 

waggons, and, (-8^ ” 0 = E, the weight of 

the engine carriage. 
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£xa»^.— xLet the weight of an engin^ carriage 
be 8 tons, and the weight of a train of waggons 98 
tons, and the diameter of the waggon axles 3 incheif 
and the diameter of the waggon wheels 36 inches ; 


men 12 W “ 8x36 12x98 “ 27^ ’ “ 

the descent be less than this, the wheels will turn 
rather than move the waggons. 

If the waggons are to be drawn up an inclined 
plane, the formula will become 


El T 

■“ 8li ~ inclination ; 


Iff 


E cos. 


8K+””' 


-■=W; and—. (, 5 - + sin. i) =E. 


Ed'ample . — Suppose the empty waggons of the 
preceding example to be drawn up a rail-way, their 

weight being 26 tons ; then = ^. 

From these examples it is obvious that a consi- 
derable degree of inclination is favourable for the 
action of loco-motive engines, in a descending trade ; 
but the best inclination for a descending trade is 
that which renders an equal power applicable in 
either direction, and tire weight of the engine must 
be adapted to conduct the ascending trade ; for it 
will then be always equivalent to the descending 
one. 

Let there be a descending trade, of which the 
weight, including the weight of the carriages, is W ; 
and an ascending trade, of which the weight, includ- 
ing the carriages, is n W. Then, in order that the 
trad6 may be conducted in either direction by the 
same power, we must have, (from page 51), 
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w(-^ - sin. i ) = nW (•§ + sin. i ) ; 

ft nfr . . 

or, Jf- - sm. I := + n sm. i ; 

whence, = sin. i. 

R(l+«) 

If the engages are not to be returned, then we 
should have n = o, and — sm. t. 

And when n — 1, or the trade is equal in bc^i 
directions, sin. i = o, as it ought to be, indicating that 
the road should be level. 

The same formulae apply to inclined planes where 
the descending loaded carriages are to draw up 
light ones. 

When the empty carriages alone have to be re- 
turned, then nW must be equal to the weight of the 
carriages, and the most usual proportion of the 
weight of the carriage to that of the load being as 
1 : 4, we have n = '25 ; and / being J, we have 

’f) r ^ . *3 r 

trt “ * — nr* 

If the diameter of the axis be 3 inches, and that 

r 3 1 

of the wheel 36 inches, then ^ J con.se- 

quenUy = 00025. . 

♦ 

Proportions for Loco-motive Engines working in Racks. 

We now have to consider the weight of an engine 
when it works wheels in racks. The correct form 
for tlie teeth for a rack of this kind will be the invo- 
lute of a circle, and a practical mode of describing 
such teeth is given in Buchanan’s Essays on Mill- 
Work, sec, ed. i. p. 86, Assuming that the 
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teeth are described in that manner, the surfaces of 
the teeth in contact will be inclined to the direction 
of the upper edge of the rails in an angle of whic|i 
the cosine is equal to half the pitch of the teeth, and 
its radius the radius of the wheel. Let this angle be 
denoted by a, and make i the angle of the inclination 
of the rails of the rail-way, E the weight of the en- 
gine, /' the friction when the pressure is unity, and 
P the power necessary to move the train of waggons. 

Then E cos. i — the pressure of the engine in a 
direction perpendicular to the rails ; hence 
E cos. i (/' cos. a + sin. d) — 
the force which retains the v;ngine in the teeth of the 
rack ; and P (cos. a—f sin. a) = the force tending 
to draw the teeth out of the rack : therefore 
E cos i. (_/*' cos. a + sin. fl)=;P (cos. a—f sin. a) 
when these forces are in equilibrium. 

From this equation we find 


cos. 


and 


/cos. «— /■' sin. a\ i-. ,, • , . r .1 

i V ~ * engine, 

P-E /' c< 


= tan. a. 


P/' + E cos. i 

Where it is obvious that if E /' cos. i becomes 
equal to P , the tan. a becomes 0 ; shewing that the 
friction of the rails alone is equal to prevent the- 
engine carriage wheels from turning. But whenever 
the quantity EJ" cos. i is less than P, a rack will be 
necessary ; and with a wheel, of which half the pitch 
is to the radius as cos. a is to unity. This therefore 
determines the size of the wheel, for the pitch is 
determined by the strength of the teeth. * 


)ii tlie Strength of Teeth for Wheels, Racks, &c , see Tredgoid 
OB (he Strength of Iron, art. 121, 2d edition. 
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Of the Motion of Carriages dn Rml-Wags. 

& 

When a carnage is moved by a horse, he has the 
power of accommodating his force to circumstmices. 
and in moving one by a mechanical agent it is ne- 
cessary to provide a similar power of varying its 
force. This advantage of being able to vary the 
fmrce is particularly felt in starting, or in stopping a 
train of waggons. The power which we have de- 
noted by P in the preceding inquiries U that which 
is only just equivalent to keep the carriages in 
motion, at any velocity ; and therefore an additiond 
force p is necessary to generate the velocity, or to 
destroy it, as occasion requires. Then P +/> will be 
the whole force of the agent ; and where it is a loco- 
motive one it will be found desirable to have p=P, 
or its extreme power double its ordinary jx>wer ; but 
in other cases this will not be necessary. 

If the time of generating the velocity at which the 
carriages are to move be required, then p being the 
accelerative force in i)arts of the weight, v the ve- 
locity to be generated in feet per second, and t the 
time in seconds, we have by formula 3 (p. 54), 


* “ 327 ' 

Example . — ^Suppose a carriage is to move at the 
rate of 6 feet per second ; the excess of force being 
equivalent to part of its weight. 

Here the time of generating the velocity will be 


6x200 
32 p ~~ 32 


37^ seconds. 


If the space the carriage will have to move 
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to acquife the' velocity be deiireid; the 
toa'w^I be obtained by formula 1 (p.''54), $ 
the efwce in feet. 

* » = ~ 

64 f 

Example . — If a carriage be to move at the rate of 
6 feet per second, which a little exceeds 4 miles per 
hour, what space must it move over to acquire that 
vedbeity, the excess of the engine’s force being -jJ® 
part of the weight of the load moved ^ 


In this case 


36x200 


= 112^ feet. 


64 p 64 

This also shews the dist oce the carriage would 
move before its velocity would be destroyed. If we 
substitute for the ratio w'hich is about the 
resistance of a common road, we find the space only 
14 feet. Hence will be perceived the difficulty of 
preventing accident.s from obstructions on rail-ways, 
for carriages moving with much velocity on smooth 
surfaces cannot be suddenly stopped. 


General Remarkn . — We have considered the fric- 
tion to be -Jth of the pressure, at the same time 
that we are fully aware that it may be greatly re- 
duced by good workmanship, and the application of 
proper kinds of grease to the moving parts. A 
carriage selected and trimmed for the purpose of expe- 
riment will never afford a fair measure of the average 
resistance on a rail-way, and we know of no other 
tneasure that is of any use in practice. Therefore, in 
taking a proportion from experience by which the 
^wer of engines, the load for horses, and the force 
of .regulator.*! could be measured,- it was far from 
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desirable to be giiided by the miaimam resaftaonK 
The use of these inquiries in estimating the 
of conveyance on rml-roads may also be imporfanl; 
but, as in the otl\er cases, an average, and not a 
minimum of resistance, must be the basis of the cab 
culation. ’ • 

In the recent works on rail-roads tlie fricdon hW 
been estimated at the smallest possible quantity^ 
but having reduced the question to the sim^de ratio 
of the friction to the pressure, it is easy to compare 
the result with otlier experiments.* The works'' we 
allude to have received considerable attention, and 
therefore it is more necessary that the hopes thqy 
hold out should be investigated. 


* Sec Dr. Young’s Nat. Philosophy, Vol. 11. p. 170; Dr. 
Brewsters Enc^clop. Art. Mi ciiamcs, p. 607 ; or his 3d Edition 
of Fer^jiison b Lectures, Vol. 11. p. 1(>4. 



CHAPTER IV. 

Of the Moving Powers for Rail- Ways — Horse Pouxr 
— Duration pf Days Work — Maximum of Useful 
Effect — Power of Horses at different Velocities — 
Jjoco-motive Engines, High Pressure, Danger of — 
Principles of High Pressure Steam Engines — Power 
of High Pressure Steam Engines — Coals consumed 
by High Pressure Engim i — Maximum of Useful 
Effect in Steam Engines- Low Pressure Elngines — 
Gas Engines for ^Carriages — Station Engines to 
move Endless Chains, compared u'ith Loco-motive 
Engines — Power of Low Pressure Engines. 

In the economy of rail-roads it is of the greatest 
importance to consider the nature and effect of tlic 
difierent species of power that are likely to be 
applied on them. We shall commence with that 
which is most simple in its application and certain 
in its effect ; how long it may maintain this rank is 
questionable, but at present there is not a superior 
agent for producing motion on sT rail-way. 

Horse Power. 

Wh^ the power of a horse is to be applied to 
move carriages on a rail-road, it is obvious that we 
should endeavour to apply it in such a manner as 
will afford the greatest quantity of,^sefuI effect, with 
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as much speed as can be obtained, without injury 
the animal. Hence, we have two objects of inquiry; 
these are, the duration of a day's work, and the 
maximum of useful effect. 

Duration of the Day's Work of a Horse. 

r » 

The time assigned for the day’s work of a horse is 
usually 8 hours ; but it is certain, from experience, 
that some advantage is gained by shortening the 
hours of labour ; and we have observed, that a horse 
is least injured by his labour when his day’s work is 
performed in about 6 hours. When the same quan* 
tity of labour is performed in less than 6 hours, the 
over exertion in the time shews itself in stiffened 
joints ; while the weaiynng effects of long<continued 
action become apparent, if the duration of the day’s 
work be prolonged much beyond 8 hours. 

Horses are also frequently hurt by injudicious 
driving ; and especially by starting with too great a 
velocity at the commencement of the day’s work; 
but, under the management of a good driver, a full 
day’s work may be completed in 6 hours, with 
benefit to the health and vigour of the animal, and a 
considerable saving t>f time. The barbarous practice 
of working horses to death we hope will never be 
introduced on rail-roads ; and, in order to arrive at 
the extreme limits to which the average power of a 
horse may be calculated upon, wc have taken mudi 
pains; and wholly remodelled the principles of 
treating this important subject. 

It is a self-evj^ent feet, that the woric of a day 
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oalMciOt <be done in an hour ; but, Milere Sf&edf dcni- 
veyemce is desirable, it becomes of use to determine 
Iwhat proportion of work should be done, if the time 
of labour be shiS*tened. In conducting this inquiry, 
it was convenient to make th*calculations for the 
greatest speed*a horse can travel at when unloaded, 
to continue to do so day after day; for then, the half 
of this velocity is that which corresponds to the 
maximum of useful effect ; which will be shewn in 
the course of this inquiiy. 

From the nature of forces* we have this formula 
for the velocity correMponding to any limited dura- 
tion of labour:— 

= w = the |^48ite.st speed m miles per hour, 

unloaded, when the duration of labour is d hours. 

We have been in the practice of collecting obser- 
vations on these points for some years, and the 
results agree very well with those of our observations. 


* Let m be the force of the muscle*? which can be continued foi 
a day, and w the weight of the animal ; and 6 the space described in 

a given time ; then, v = But the space described in 

a given time is inversely as the duration of the day s work, or 


s : ; hence, 

d 


, V : 


()4m 

d 


; now, if the velocity be 6 miles per 


14 7 

hour when d is 6 hours, we have v = "“F? * 

V d 

The inquiry is confined to the cases where the action is similar ; 
but it is possible to push it farther, and to analyse some points 
respecting the power and velocity of animals, which are not com- 
monly suppoeed to be withm the scope of mthematical calculation. 



UAxmvx off psKfOXt strxcr. 



Tlie fi^k>wing tablet will represent Hie jpC 

labour and maximum velocity, unloaded : 

♦ 

DuntkttfifUbouz. . Ihour. SbiSi Shn. 4hn. dhn.^h»» 7htt. Blin. 
Maximum W> ^ 


Maximum \ e-N 
Iocity,miloiui.f..- 
cd,uimilfispert‘^^®' 
hour. } 




10-4 m. 0‘5m. 7*3m. 6'6m. 6m. 5’5!n. 5»2m, 4‘'6in* 
% 


This, within the range here given, may be conn* 
dered as very nearly the law of decrease of speed 
by increased duration of labour, when a horse moves 
on a level road, unloaded; and the force of muscular 
exertion is then about equivalent to a fourth part cd* 
the weight of the horse. 

If the road be inclined, the|||glucity of ascent will 
be decreased in proportion to tne sine of the inolina* 
tion, and increased in descent in the same propor- 
tion. 

These data being settled, the next step in our 
inquiry is, to ascertain the velocity which corre** 
spends to the maximum of useful effect. 


Maximum of Useful Effect. 

The speed which corresponds to the maximum of 
useful effect, is of considerable importance, as the 
expense of horse power very much depends on it. 
When a horse travels, unlo^rtled, tlie greatest dis- 
tance he can travel, so as to continue to do so day 
after day without injurious fatigue, is obviously the 
limit of velocitj'; but the work done must be nothing 
in this case. And it is also obvious, that when a 
horse travels at such a rate tlmt the empty carriage 
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to his power, the work d<»ie is 
ilmlllg. On the other hand, die load may be so 
die horse can barely put it in motion, in 
'k^idt case, alcsj^ the useful e£kct is nothing ; but 
^^Sbtween these limits of velocity and power there is 
a proportion, whidi affords the maximum quantity of 
useful efibct, and therefore must be the most advao' 
ta^eous for the application of horse power on a rail- 
vodd. 

The velocity which corresponds to the maximum 
' q { useful effect, is half the extreme velocity of a horse 
when unloaded.* The extreme velocity of a good 
horse, unloaded, is not more than 6 miles per hour, 

* Let V be the maximuA velocity of a horse when unloaded, and 
m the constant nmscuiar force which generates that velocity ; w the 
resistance overcome when the horse is unloaded ; and any other 
velocity, then, m v — w o z: the power which is effective 5 but 

m 0 z: V tOf or w ; hence, wi v — zz the effective 

power, and it is to be a maximum. 

« The maximum has place when the fluxion of the variable quantity 

i • 2 V u 

IS C, or when v — — = 0 , that is, when V r: 2 v. Consequently, 

the Telocity Tdnch corresponds to the maximum of useful effect, is 
^alf the greatest velocity of the horse when unioadedu 
Let P T be the power of a horse, then 
^ me* /V — f?\ /V — v\ 

«v — ^ = i»» V ~ v ' • j = - V j = P- 

When vzso, Psm; therefore m is always equal to the force 
irhich exttcdy baknees a horse’s power at rest : and wlieo v zz V, 
zr as it oitght to be. 

" , At the maacimtim J m z: P, and as m is a constant quantity, the 
^ fecce at Ae maximum wiD be a constant quantity, whatever number 
m0fj bo fixed uptm for th^ day’s work* In a horse of 
m zz 25a.lQbs. 
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when otmtiiniedi for A luMirs ; and 

per hoar must be tiie velocity correapotHlifig>^ii||i ^ 

maximum ^fect, when the time of labW i« d 

If the day’s work were coatimipd 8 lioursi, . 
extreme velocity w^ld be reduced to S oMifM 
bour, which gives 2^ miles per hour for the velto^ 
corresponding to the maximum of useful effect. - 

The rates for inferior horses will be less^ hutthii 
difference should rather be made in power thttn in 
the rate of travelling. 

Now, it has been found by a considerable rmige of 
experience, that the average powm* of a btoue is 

200 

2501bs. ; hence, -^= 125 lbs. nearly; which, there- 
fore, may be taken as the forc4 of a horse moving at 
the rate of 3 miles per hour, for 6 hours of a day. 

If the length of the day be 8 hours, the force of 
the horse is the same, but moving at the rate of Si- 
miles per hour, for 8 hours of a day.* The difference 

* The measure of a horse power adopted by Messrs. Boultoit aod 
Watt, in calcula'ting the power of their engines, was, that a hotHe 
going at the rate of 2 j miles per hour, raises a weight of 150 Ihs., 
by a rope passing over a pulley/ the day's work being 6 bouiB<w« 
Robison's Mech. Phil. vol. ii. p* 145. Hence, 8 x 2} x 150 |S3 
3000 lbs. raised one mile for the day's ^ork. The same measuie of 
the power of a horse is taken by Mr. Palmer, in his Desert^fion of 
a Rail-way," p. 28. This is very well established as an ideimentary 
expression for the horse power in estimating the effeciof madhiheryi 
bat it is much too high for the actual effect of an average horae* Wo 
have inserted the greatest stress on the traces lliat ought .to lie 
attempted in practice, which for the day of 8 hours, gives 0 X 2| X 
125 r; 2500M. raised one mile; and for the day iff 6 hoars 
2250 lbs. raised onenrile^ ToSfo, Bemi we«re mddXed fersome 
observatioiis made on the force of tractioii required to move caqal 
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being only' in tbe velocity, whatever diflference is 
in the length of the day’s work, 
best division of the labour, for heavy carriages, 
would be, to divide the road into stages of 9 miles 
each, when the day’s work is 6 ‘hours ; and to work 
the horses 3 hours, with an interval of 6 hours 
between that and the next 3 hours’ labour. When 
the greatest quantity of goods is to be moved at the 
least expense of horse power, we have shewn that 
^e maximum velocity will be 3 miles per hour ; and 
whatever greater degree of velocity is obtained, 
must be at an additional e^ oense. It will be useful 
to shew the addition of expense, from a variation of 
velocity from the maximum of useful effect; and 
also, from shortening the duration ofUhe day’s labour. 

First, let the hours of labour be the same, viz. 6 
hours per day, the maximum of useful effect is then 
125lbs., moving at the rate of 3 miles per hour ; and 
let the expense of carriage in that case be 1 .* 


boats on the Grand Junction Canal, (see Chap. VIII.), and he found 
the force of traction 80 lbs., and the space travelled in a day 26 
miles ; hence, it is only equivalent to 26 x 80 = 2080 lbs. raised 
one mile for the day’s work ; the rate of travelling is 2’4t5 miles per 
h%ur. This is less, considerably, than our formula would give for this 
c^e> for it makes the day’s work 2,900 lbs. raised one mile * but the 
8|>eed is extremely near to that calculated by our rule ; and the line of 
. traction on canals being oblique to the direction of the motion of the 
horse, makes some difference in his power. 

^ In a former note (p. 68,) we have shewn that — ^ V— s: 
the |K>wer of a faQi*Be ; and stqpposing the force, at the maximum of 
i^ful effect, to be unity, we have ^ power ; the 
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Miln p«i lu>ur. 

PropartioiuU oxpetue. 

Movlni; rovift 

2 .. 

IJor 1-125 

.. 166 tbs. 

3 .. 

t 

125 — 

3i .. 

1 3V or 1-0285 . 

.... 104 — 

4 .... 

.. IJor 1-125 

.. 83 — 


or 1-333 

....'. 62j — 


1* or 1-8 

.... 41J- 

51 .... 

,. 2 

36i — 


That iKj the expense of conveying goods at 3 mdes 
per hour, being 1 ; the ex|iense at 4^ miles per hour, 
witl be 1 ; and so on, the expense being doubled 
when the speed is G,V niiles per hour.* 

If the hours of labour be shortened, taking ttic 
velocities which correspond to tJie greatest useful 
elFect, the expense is inversely as the product of the 
velocity by the Munition of the labour; making the 
expense for 6 hours, and 3 miles per hour, unity 
or 1 . 


expense being inversely as the power, therefore, the expense of 


ron\cying goods 3 miles at any velocity, v, will be as J 


V 

2 i; (V^v) 


1 : : = -7. when \ = 6. 

2r(V— t) r(o— y) 

9 

If V = 2 miles per hour, then 2^5 ^ ^ U- 

9 

If t; 3 4 miles per hour, then =: I While the velo- 

4 (O 4; 


City being 3 miles per hour, the expense is only 1. 

* In a senes of Essays on Rail-roads, which were published in 
the Scotsman Newspaper, and since in a separate pamphlet, Pro- 
fessor Leslie's formula is *used for estimating the force of traction. 
That formula appears to be made to fit certain observations which 
are not detailed, and is not founded on true pnncipks,»--8ee 
Leslie's EtemenU of Natural Phil. p. 252. 
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i>wstion^La|Mif» PtoponkmtiMtih Miiwivviioiir. ^ 

7| 2*45 11 3-25 



5'2 ... 

... 1-73 .. 

... 7'8 

2*3 


• 4 • 41^ • • • 

... 1-41 .. 

... 6-4 


Ar 

H ••• 

... 1*28 .. 

. . . 6*S^ 

4'^ 

6 — 

31 ... 

... M .. 

e.. 4*9 

1*46 

6 — 

3 ... 

... 1 .. 

... 4i 

1-333 

7 — 

n ••• 

... -94 .. 

. . . 4|f 

1-25 

8 — 

2i ... 

... *9 . . 

... 3f 

1-2 

10 — 

2J ... 

... -74 ... 

... 3} 



hi this table, the first column gives the duration of 
labour in each 24 hours ; the second, the miles per 
hour, when the work dcme i < the time is the greatest 
possible; the third column shews ^e expense of 
cm’riage, when that by sn average horse working 
6 hours per day, and travelling 3 mllles per hour, is 
denoted by 1 . In this case the road is supposed to 
be perfectly level, and the stress on the traces 
ISfilbs. /The fourth column shews the velocity when 
the stress on the traces is cmly 62^ lbs. per horse ; 
and the fifth column, the proportional expense of 
carnage. 

We give these as the full values of an average 
horse power, in all the cases considered. On cancds 
they find th^ advantage in travelling at about the 
velocity corresponding to the maximum of useful 
efifeet> to a day of 10 hours long, and continue their 
labour with little internjission throughout this long 
day, except while the boat is passing the locks. If 
they attmnpt to go at a quioker.rate, the ma^ease of 
letistance becomes very conuderable, the resistance 
fokmotioain fioids^ increash^ iieafiy.asthe square of 
the velocity. On the contrary, on rail-roads ^ 
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rNistabce remainfl nearly the same at all vekdtk^; 
hence, speed will be one of the chief of their adyan* 
tages. The table shews, that as soon as ^e speed 
exceeds 4^ miles hour, tiiere is a decided 
advantage in shortening the duration of labour, in 
preference to reducing the quantity of draug^. 
Experience, or rather a combination of circumstances, 
has led coach proprietors to the same result ; but 
they have reasoned a step further, and found it more 
profitable to doulde the quantity of laboor hete 
assigned for the day's work of a horse, and to we^ 
the horse out in 3 or 4 years. The dHFerenoe 
between the interest that will return the excess oS 
capital expended in the purchase of fiesh homes, 
and the annual expense of keeping a greater number 
of them, is too great to allow the proprietor of 8 or 
400 coach horses to hesitate about 130 of them in a 
year being sacrificed. It is a melancholy refieotkn 
to recollect, that there is at all times in this country 
several thousands of horses wearing down under 
excess of labour ; may we hope that rail-roads wiH. 
m some degree lessen the evil, and diminisb the 
quantity of animal torture. 

There does not appear to be any dianoe of rendmilr 
ing the wind of use, as a moving’power on rail-^tMids; 
and, therefore, we may next proceed to inquire 
rmpecting the advantages of steam, wh^ afqilied as 
a moving power ; steam may be employed through 
the intervention of a fixed engine, or by an engine te 
move with the carriages. We have to oonsidlMr the 
crMoaparative value ami uses o£ both these modes of 
application. 
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Loco-motive Engines. 

J 

A loco>inotive engine is a steam engine placed on 
wheels in such manner, that the force of the engine 
can be applied to impel these wheels^ and by that 
means draw along a train of waggons. In some cases 
part of the wheels of the engine carriage have teeth, 
which work into racks cast on the rails of the rdad ; 
but in other cases the wheels and rails are like the 
common waggon wheels and rails, and the friction 
of the wheels on the rfls is the only resistance 
employed for the power (/i the engine to act against 
in drawing forward the train of waggons; sometimes 
a small degree of sliding takes place, which wears 
away the wheels of the engine carriage very rapidly; 
hence, the proper inclination and quantity of pressure 
to prevent sliding, have been considered both for 
plain rail and racks. See Chap. 111. p. 56 and 59. 

High Pressure Engines . — In consequence of the 
small weight and the simplicity of the operation of 
high pressure steam engines, they alone appear to 
have been used on rail-roads ; they work at a pres* 
sure of from 30 to 50 lbs. on the square inch, above 
the pressure of the atmosphere ; and as we have 
some objections to engines of this kind being used 
on a rail-way far general purposes, we shall briefly 
explain the grounds of these objections. — In the 
first place, the rules by which the strength of boilers 
are calculated are not at all accurate, and tend to 
make the calculator expect that they will bear a 
much greater pressure than it is possible they can 
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tustain. The ordinary method of proving boilers^ by 
hydrostatic pressure, does not assist us in corlrecting 
the defect ; for the boiler is not, by that means, 
proved under circumstances similm to those it is Ex- 
posed to in use. Also, when the proof pressure ex- 
ceeds a certain and well-known relatk>n to the 
ultimate strength of the material, the boiler suffers 
an irreparable injury from the proof of it. 

Tb produce high-pressure steam, a high degree of 
heat is necessary; and the action of this heat on the 
boiler is very unequal, producing an unknown strain 
from irregular expansion ; the risk from this strain is 
much lessened by using a ductile metal for the 
boiler, but its nature and force is the same, or nearly 
so. The hre is also constantly impairing the strength 
of a boiler, by burning and destroying the matter it 
is composed of; and, as a more intense heat is neces- 
sary to produce steam through a thick boiler than 
through a thin one, the strong boiler must be sub- 
jected to more frequent examination. 

But, even all these objections might be obviated, 
if we could rely on human prudence in the use of 
these engines ; on a rail-road, where there is reason 
to expect competition, there must be a proportitmal 
risk of accident, for men will run the greatest 
hazards in such circumstances ; and, where personal 
danger has no influence, the most ingenious means 
may be used to guard against a dangerous increaae 
of pressure, and yet be rendered futile by the fertile 
thought of a man ambitious to be the swiftest on the 
line. 

We have stated our objections, and will now pro- 
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> 

«Mj|lil>p6nsider ti)« v«k>eity, po>»er, said tiie meatis 
liagh iveissuro stesra eartiiig^ may be 

iwfpetsi^ il^^ieh»ci(y« it l» limited cmly by the 
&|fetMe<^aatl mk efaecidetit^ a veletaty 

Ibr a steam gl*^ a of oseM 

' edSactraa'^traUes in borse powm*; after having 
sbesm the power the engine, we will pat this new 
4e4biE5tkm science before the reader. 

T* >®V» increase the veldcity, wiUiout departing from 
t^Mt eimidtoity of the movement*) of the engine, the 
taHtts ci the wheels may We increased. But it is 
not desirable, for reasons we shall give a little 
fanhor on, that the velocity of the steam piston 
i^bmald exceed 170 feet per minute, when the length 
af the mank is 12 inches, and then the piston will in 
timt case describe 4 feet for each revolution of the 
(Ubeeh 'Or make 42^ strokes per minute. The velo- 
city of the carriage is to the velocity of the piston as 
the circumference of the wheel is to twice the dia- 
meter of the crank, consequently it is easily com- 
putc<i. 170 feet per minute is 1*93 miles per hour ; 
and making c the radius of the crank, and R the 
radius of the wheel, 

. 4c : 6.2832 R 1*93 : 

*• C 

of carriage in miles per hour. Thus if the 
t of the crank be 12 inches, and that of the 

^^haiS'liO inches, then — — =: 4*8 miles per hour; 

Enlarging the wheels any proposed degree of 
^ ^ obtained otmsistent'with practice. 

' Ih emptying high pressure engines there is a 
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PGQfNienilsle Iom of .fiuel, fiol las* 
to cobvert the whole of the water need hjf 
into low pressure steam. At a cfi^hery lln«44ir.eK) 
little impmrtanee, but whw ceelewuiifr' 
evm a onali loss of efieet becsomeaa idiioiMitdjltd'i 
vantage in th^i^iwnteninice of steaia powers .% 
Having had Ifrequent ocmion to 
nature and power of steam, and having, by.<a esMiA^ 
comparison of our theoiy with pracrice, found Ihdyi 
embraces the most imporiAnt points in 4|Ueild<m 
regarding steam power, we give our formula hiPdtis 
place, leaving the investigation rill another op{NMiit» 
nity offers itself to make it puUic. ^ <«<a 

If / be the force of steam in inches ofmwear^ 
and t the corresponding temperature ; /' the resilK 
tance from the friction of the steam f^ton, mtd the 
uncondensed vapour in the cylinder, or tha atff# 
spheric pressure in high pressure engines^ and »dbe 
bulk of the steam cyliuder, when the bulk 
steam admitted at the pressure / is unity, than 
the [lower of the steam generated from a cubic, font 


of water is w ^ 

4873 (459 + t) x (1 — ^ + hyper, »). ^ 

When the steam does not act by .expansion n ssr L " 
If the expanding force of the steam be mhpSaye^ 
then the equation has a maximum, wychhidat'’l^h 

place when (hy. log. w) — is a minimum, 
is easily shewn that this takes place wbun ft 
Tberefinre whMi is insertatl for 


I 




4873 (459 -i- 1) x (hy. log. ^ = the luakunutn 
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pow^.of a eulnc foot of water converted into ^team. 

tliehy.log. — z=. o, and the power no- 

il’ f 

thing, and whiiilt one less ~ is greater than the hy- 

f 

perbolic logarithm of^» it is 

by expansion. 

To calculate the quantity of fuel, let c be the 
quemtity which converts a cubic foot of water into 
steam that will bear thiS pressure of the atmosphere, 
and let j be the specific heat of the steam, a the 
specific heat of the air and .smoke which escape up 
the chimney, and w the fuel that will heat one cubic 

foot of water one degree ; theri 

c + {t — 212^") X (tf + .v) w = 
the least quantity of fiiel that will be required to 
produce steam of the force f and temperature t. 

Taking as data * c — 8'4lb.s. of Newcastle coal, w — 
•0075lbs. .V = '847, and a — *753 we have 
8-4 + '012 {t - 212) = 

the lbs. of coal to produce steam of the temperature t. 

We shall now apply these formula to determine 
the power and expense of a high pressure engine. 
In so doing we may take 30 inches as the atmosphe- 
ric pressure, f To determine the friction of the 
steam piston, and piston rod, we may assume, with- 
out material error, that the whole quantity of rubbing 


a disadvantage to work 


* See Tredgold on Wanning and Ventilating. Tables I. and If., 
p. 279 and 280, second edition. 

t A mean of 20 years, deduced by Mr. Howard from the obser- 
vations of the Hoyd Society, is 29*8655 inches for London ; and a 
mean of Hr. Daniells for 3 years b 29* 881 inches. See DamelFs 
Meteorolopcal Essays, p. 266. 
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srarik^ is e<)uai to the area of the cyiinder ; and vnt 
know that these surfaces cannot possibly be steam«> 
tight, if they be pressed together ^ith less force 
than the pressure of the steam ; alHI as we do not 
know exactly what excess of pressure is necessary, 
suppose wc a^|iise that the surfaces are pressed in 
contact with dbuble thp force of the steam. As the 
friction is nearly proportional to the pressure, and in 
this case, about -ji- of that pressure, we shall have 

j / = the friction ; that is, the friction of the 

steam piston is onc-fifth of the pressure of the steam ; 
to which / may be added for jdus pressure in the 
boiler ; making the loss 

But one side of the piston of a high pressure 
engine is acted on by the same pressure as that of 
the external atmosphere, hence /' =: -J, / + 30 = the 
resistance to the moving force/. 

Therefore when a high pressure engine is worked 
expansively, we ha>e 

4873 (459 + t) x (hy. log. = the mechanical 

power of a cubic foot of water converted into .steam. 

From this equation dt is obvious, tliat tlicre is no 
advantage gained by making a high pressure steam 
engine to work expansively, wlicn the force of the 
steam is less than 00 inches of mercury, for then the 

1 y*i OA 

hyperbolic logarithm is le.ss than 1 — --y' ' . 

When an engine does not employ the expansive 
power of steam, we have 

4873 (459 + /} y (1 - ) =: the mechanical 
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« I dttWc foot ,«)f water coiwe^ iii^o 

the foiw o^the steam be 120 iaehes 
mercury ; '|the corresponding temperature hy 
Mr. Philip Taylor’s Table • is 292:8®. Then 

4873 (469 + 292*8) x (1 ^ - 

l,83O,OO01bs. raised one foot high. 

The quantity of coal is 8 * 4 + *012 (292*8— 212) = 
0*^ibs. ofcoal. ^ 

ifoW the horse power is 16,000, OOOlbs. raised one 
foot in a day of 8 hours ; t hence if 

1,830,000, : 9*37lb8. :: 16,000,000 : 821bs. 
ITierlfore, working with steam of 44^1bs., on the 
square inch on the piston, above the pressure of the 
atmosphere, 821bs. of Newcastle coal ought to do the 
day’s work of a horse. 

But if the engine works expansively with the same 
fc^e of steam, then 

4873 (459^+ 292*8) x (hy. log. 2) = 2,540,0001bs. 
rmsed one foot high by 9*37lbs. of coal ; and conse- 
quently 69lbs. of coal ought to do the day’s work of 
a horse. 

In Table I. at the end of this work, the power of a 
cubic foot of water when converted into steam of 
different degrees offeree is shown, whether working 
expansively so as to produce the maximum of effect, 
or working at full power during the whole stroke, 

* PkikMophical magaaine, vol. 60, p. 452. 
if 83,000 x> 60 X 8 = 16,920,00(fflJB. whicb is the usual hWSe 
power of steam engiaes ; but our horse power » JUi lesa. (See p. 69, 
and tmte.^ 
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iliBo the 'quantity of fiiel c^Aisamed in each eiutOk 
From this table it is easy.to ascertain the qhahtify 
of coal equivalent to the day’s Mrorfeof a horse ds in 
the preceding examples. ^ ' ' ' 

These results are however applicabh^ to an en^im 
at rest only ; ’j|ilf^in applying them to a lOcd-motife 
engine the power expended in moving the weight pf 
the engine itself must be deducted in oidbr to rend^ 
them directly comparable with horse power. Therpi^ 
fore, 8uppo.sing the lbs. of colft equivalent to the day's 
work of a horse to have been found by the {»:t;Geding 
method, that quantity multiplied by the wei^t of 
the train of waggons drawn by the engiii4|;« nnd 
divided by that weight less the weight of the en^pe 
carriage, will give the number of pounds of coal 
which applied to a loco-motive engine, are equiva** 
lent to the day’s work of a horse. Thus, let the 
train of waggons weigh 72 tons, and the engine car- 
riage and apparatus R tons, and 821bs., ^e quantity 
of coal that would do the day’s work of a horSe in a 


stationary engine ; then 


72x82 72x82 


= 92^ibs. 


72-8 ” 64 

for the quantity for a loco-motive engine of the 
weight above specified. 

The advocates for high pressure engines will per- 
haps think that this loss of effect will be made up 
for by employing the waste steam to heat water for 
the boiler ; and it would be so, for by a well-propor- 
tioned apparatus for that purpose id)outlllbs« of 
coal might be saved out of 92|;lbs. The best mode 
of efiecting this would be to make tfa^ waste steam 
pass through pipes having a considerable quantity of 
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sur&ce in the supply cistern, which ou|[ht to be on 
the steam carriage in all. cases, and aft^ quitting 
the pipes throuj^h the cistern it should pass tiirough 
small metal pipes or trunks formed so as to present 
as much surface as possible to the air,* and the 
water condensed in these pipes shdtild' descend into 
the cistern : the steam which is not condensed in 
going through the pipes should go into the chimney 
to aid the draught. ^ 

But we consider, tlm whatever is saved in this 
manner will not be more t^an equivalent to the loss 
by the waste and loss o', heat at the boiler, even 
when^iprotected in the best manner, and managed 
with the utmost care. For there is a difficulty in 
getting surface for the heat to act on, and the 
draught must be much too weak for producing high 
pressure steam. We expect if tlicse engines do get 
into more general use that an artificial blast will be 
found an advantage and be applied accordingly. 

From the \'arious causes of loss of effect the quan- 
tities we have given may be increased about 30 per 
cent, making the coals equivalent to the day’s work 

a horse 1241bs. in the best loco-motive engines 
likely to be invented. 

As to the engines on the Newcastle rail-roads, they 
at an average consume at least twice the last quan- 
tity to do the same work. 

* The quantity of wrface to condense a given quantity of water 
may be easily calcirtaled by the rules in Tredgold’s Principles of 
Waiming Buildings, p. 61, 2d edition. 
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Maximum of TJsefil Effect in Steam Engines, 

The next subject of inquiry is the maximum 
power as it depends on the structure of the engine, 
fin* each indinridtial engine must have its rate cor* 
responding to the maximum of effect. If the steam 
piston exceeded a certain velocity, it is obvious that 
the boiler would not be cajole of affording the re- 
quisite quantity of steam ; aiid the same thing would 
happen from the steam passages, were they smaller 
than in due proportion to the power of the boiler. 
But it will be evident, that the steam shdhld be 
capable of following the piston at its extreme velo- 
city, which of course determines one of the most 
important points in proportioning them from theore- 
tical principles. The conditions, then, which limit 
the velocity of the piston are now to be considered ; 
and these arc the moving force and length of the 
stroke when the resistance is the friction of the 
piston only, and the steam at full action as it is in- 
tended to be in the average working state of the 
engine. The motion of the piston, under such cir- 
cumstances, may be considered an accelerated one, 
and let w be the weight of the mass to which the 
piston gives the final velocity 2 V at the end of the 
stroke, P the effective pressure on the piston in lbs.; 
and I = the length of the stroke in feet. Then 

60 X = 2 V, or 240^ = V, the 

mean velocity of the piston in feet per minute. 

But if the machine be properly arranged, the 
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t)ie mass, w, will regulate the Velocity afld 
r^ioer it ah uhiform velocity V after a crataia tiaae, 
and m order thatihis may be the case, we must have 
Ws=l*, consequently, 240 ^/T — V, But we have 
s^ewn (note to p. 68) that a the velocity corresptmd- 
ing to the maximum of useful effect Ought to be 4- V ; 
and therefore we have 120 n/ T =: v, the best working 
yelomty for an engine iii feet per minute. 

iif an engine has a 2 A^t stroke^ then v= 170 feet 
per minute, and the mmber of strokes per minute 
42 ^. 

By increasing the stroke to 3*4 feet w'e get a velo- 
city ot 220 feet, per minute, with 32 strokes per 
minute. 

If any variation be made from the maximum 
power the. decrease of effect is the same as. in horse 
power (see tables p. 71) but we have this advantage 
in an engine, it can be made for any velocity, by 
attending to the relative proportions of parts; 
those of a horse we cannot alter. 

The apertures for steadi passages, the surface ex- 
po^ed to the fire, the rot^nitude of the fire>place, 
and the area of the chimney must all be propor> 
tioned so that the engine would work at twice its 
proper velocity. 

Low pressure Loco^tnotive Engines . — 'The circum- 
stances which are deemed unfavourable to the use of 
■low pressure engines for steam carriages are the 
complexity of the apparatus, and the weight of water 
necessai^.for condensation; and the bulk occupied 
by ^e one and the immense quantity of the other 
rehd^ it quite improbable, that they can ever be 
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.witk £PaiE;4|igree of .adva^taQ^. . 
not lessjtht^i Itaif a ton of water ^ 
ea^v horse .power for oondenj^ation 0nly| cc^> 
quently there is no chance of applying a <^ndehsmg 
eng^ in this mann^; and it u us^ess to make 
farther calmdations respecting them. 

Gag En^ne for Carri^eg . — Lately a new' ihe- 
tbod has been proposed fear moving carriages, whidb 
has excited so much attentum that we oaimot omit 
some notice of it. *?l|, 

The power of this new engine is gained by burn- 
ing gas in a cylinder so as to rarefy its contents in a 
very considerable degree ; it is then cooled, pnd* the 
difference between the pressure of the atmosphere 
and the elasticity of the air in the cylinder consti- 
tutes the moving power. It has been attempted to 
shew that the power results from the proi^ucts of the 
combustion being condensed into less bulk than the 
combustibles occupied before, but this solution is 
inadequate to explain the effect produced. 

The principle of its actioii may be easily illustrated 
by a simple experiment. Let a piece of paper, 
which inflames readily, be burnt under an inyei^ 
g^ass so as to fill its capacity .with flame, and tn^ 
immediately immerse the mouth of the glass ' in 
water. The consequence is that the hot dir or 
flame is condensed by the urater, and shrinks into a 
space of about one-third of the capacity of the glass., 
while the water rises amd fills it till the contmhj^ 
air be oS the same elasticity as the atmosphere.!' 

, vMr. Brown, tlm inventor of the gas madiiiie, in- 
duces a similar effect by burning gas in a metallic' 
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cyUadbr, and by means of the flame of gaa». and m 
appaorfibis which is very ingenious, renders this well* 
known phenomenon a means of obtaining a oonsi* 
derable quantity of mechanical power. WhelJier 
thb power be likely tq be useful for loco-motive car- 
riages or not, we now will proceed to examine. 

To ascertain the degree of rarefaction (or of va- 
cuum) in the cylinder, let x ^ the temperature of 
the flame, the original t^perature of the air in the 

cylinder being 50 degreS*^ Then = the bulk 


of the expanded air;* aiivl when the pressure of the 
atmosphere is 30 inches of mercury, we have 


1 


500 

450 +* 


30 


(j^) = “f 


the air left in the cylinder when cooled to 50°; 
consequently 30 (1 - 5 ^) = = the force 


on the piston in inches of mercury, without reduction 
for friction or other causes of loss of effect. If the 
temperature of the flame be 1050 degrees, which is 
a temperature we think i<*would be easy to give it, 

then = 20 inches of mercury for the 

force on the piston without reduction for friction, &c. 

Our next inquiryjps the expense of gas required to 
produce a given quantity of mechanical power. Let 
A express the cubic feet of gas that will heat a cubic 
foot of air one degree ; then bx is the volume of gas 
that will heat a cubic foot of air .r degrees ; and 


bx : I :: 1000 : -r — = the volume of air that 

0 X 


* Ttedgold on Warming; Buildings, &c. art. 220, 2d edition. 
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would be heated by' 1000 fe^ of gas; ccmsequieMly 
= tte mechanical power of 1000 feel 

of gas when not reduced for friction. 

. But this equation has a ma^mun^, and making .r 
variable^ and its fluxion equal to zero, we have 
s zz 208 degrees, hence the greatest degree of me- 
chanical power will be obtained when the tempera- 
ture of the rarefied air is 208* degrees, and, calcu- 
lating to this maximum |ljj|§rar, we have very nearly 

Y — the mechanical power of 1000 feet of gas, not 

reduced for friction, in inches of mercury. 

The weight of an inch of mercury one foot square 
being 70*71bs., the lbs. raised one foot high, suppos- 

2474 a * 

ing there was no friction, would be — by 1000 cubic 
feet of gas. 

The maximum temperature will be difierent when 
the proper reduction is made for friction, and the 
effect less, but it will be sufficient for our purpose to 
estimate the gross power.* 

If pure olefiant ga.s were used, w'e should have, 

from Mr. Dalton’s experiments,* b =’ ; which 

gives about 102 millions of po]^ds raised one foot 
for the mechanical power of 1000 cubic feet of gas 
not reduced for friction ; and therefore .1000 cubic feet 
of oil gas would not do more than the work of 6 horses 
in an engine, even if the gas worked by an engine 
entirely devoid of friction, and consequently it must 
be much too expensive for any rail-jroad conveyance. 
If coal gas be employed, its effect must be less 


• Dr. Thomson’s System of Chemistry, vol. i. p. 148. 
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piii«eafbuTe*t«d^iydrogen,»iiid,f<» ow^ 
‘hyirogen b i= ;* fro™ which we find 

ijtft mecbanicat power. ,^6 nuUions of pounds rai^ 
one foot h^h by 1000 cubic feet of gas working in 
an engine without fruition ; and this not being more 
than ^e useful e^ect.of 3^ honMs, it is pretty evident 
tlmt the gas engine must be much too expensive for 
any« c^ where the work be done with horses. 
In a machine of this kli|||^V^ cannot aUow less for 
the loss by friction, and wa^l^ of heat, &C. than one- 
third, which makes the j t-wer of 1000 feet of oil gas 
'equivalent only to that of 4 horses, and 1000 feet of 
coal gas not quite equivalent to 2^ horses. The en- 
^es are more com|dex than high pressure steam 
engines, and in the event of using them for loco- 
motive engines, the gas must be compressed into 
a, space of about, -^th of its natural bulk, and con- 
sequently be liable to accident from explosion. 

Before dismissing the subject of loco-motive en- 
gines, it ought to be remarked, that they must always 
be . objectionable on a rail-road for gendjjpl use, 
wh^re it is attempted to give them a considerable 
degree df speed ; for many pass-places there cannot 
be ; hence, the v^|pjcity of the greater part of the 
carnages on a line of road mu^t be limited by a slow 
t^velling one. This would not only be a source of 
inconvenience, but one of danger, from carriages 
striking against one another. A steam boat has sea- 
room ; a mail has the width of the road, but a steam 
qairiage cannot ^deviate from its track to avoid an 


Dr. Thomsoo's SyKtrm of ClictDi»try, vol. i. p. 148. 
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acddieat We ilieidbre «Mst dew tom 
tien to fixed eagines ; and examine if they 
any better reason to hope for the application of 
steam power witii advantage and safety. 


> Ural, er Station Engines. 

Conceive, that the whde^^e of road is divided ^ 
into short stj^s, and tilaiWi engine is placed at 
each of these to woiic an endless chain, extending the 
whole length of one or more stages, and running 
upon pulleys or rollers; also, that by simply moving 
the handle of a lever, haying a^iiction apparatus, a 
carriage can be connected to fll|libain, and in a few 
seconds acquire and proceed at the same velocity, 
or be disconnected in an instant, if necessary. ThC 
consequences of such an arrangement would be, that 
the carriages would all move at the same velocity, 
that were attached to the same chain ; and would 
not be liable to strike against one another. Any 
qnantit^f carriages, not exceeding the power of the 
engine, might be in progress at once ; for any varia* 
tion of the number would be r^ulated by the go* 
vernor of the engine so as to kilp the velocity the 
same, or nearly so, The engines could be of a better 
kind, kept in better condition, and under the care of 
better attendants, than any species of loco-motive 
engines. 

We must next compute the extent to which motion 
could be conveyed by an endless dhain, supported 
on rollers. The greatest stress a chain ought to be 
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exposed to is equal to the freight of half - a tnile of 
efaaih; consequently, the weight of chain to serve 
fcHT one mile will be 2 times the moving power of the 
engine ; * but if the rollers be properly fcmned, with 
a proper ratio betvj^een the ^ameter of the roller 
and its axle, the friction will be only about part 
of ^e weight of the chain, and consequently or 
^th part of die moving power will be lost in moving 
the chain, when the enmnes are one mile apart ; and 
^ of the power will W lost in moving it, when the 
engines are 2^ miles apart, and so on, till at 50 miles 
apart the whole power would be expended in moving 
the chain, for whatever greater power was applied, 
would strain the chain beyond that limit which, we 
have found, ought not to be exceeded. 

From 8 to 10 miles may therefore be considered 
the greatest distance from station to station that 
ought to be adopted in practice; with the latter 
distance the loss of power will be one-fifth. 

It will be obvious, that a system which requires 
an engine at every 10th mile is only adapted for a 
rail-way of extensive traffic ; but on a thoroughfare 
where the transit of goods and passengers would be 
sufficient to emjj^y .the necessary establishment, 
there can be no ^estion of its answering the pur* 
pose. The same general principle of movement 
would act throughout, whether in ascents or de- 
scents or on die levels. One chain to move the 


* The engine must draw in both directions at the chain, otlienv-ise 
the stations must be* at only half the distance apart, for it must be a 
double chaini 
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light carriages at thek. proper ^ed^ and a a^pecat^ 
double rail-way for heavy goods, with, a ehua 
movmg at a slowtf rate. 

The cost of the two systems would not be mate- 
rially different to conduct an eqpial traffic, but the 
annual expenditure wotdd be much less with station 
en^^. The greatest difficulty would be die inter? 
ruption of the line by other roads crossing it ; which 
might be partly guarded a^mnst by choosing a 
proper line, and then to ma^|bne of the stations at 
each crossing. 

Power of Low Pressure Engines, — We have shewn 
(p. 77), that the power of a steam engine is 

4873 (459 + /) ^ (hy- log. at the maximum, 

when worked expansively, and 

4873 (459 + 0 ^ (1 ■” y) when worked at full 

pressure. 

Now to find the value of /', we must allow for 
force of the uncondensed vapour and the friction of 
the air-pump. When the friction of the air-pump is 
reduced to the effect at the steam piston, it will not 
exceed 1 inch of mercury ; and let the force of uri- 
condensed vapour be 3 inches/^ld the friction of 
the steam piston, as before deterWmed, 

\f (see p. 79) theri/' = |/+4 ; * and 

4873(^459 + 0 x (hy. log. = 

* The practical man will naturdly inquire, how many pounds on 
the square inch does this ^ve for the effective pressure on the pis- 
ton? The inches of mercury are/— (4/+ a: 224 inches, or 
very nearly lllbs. on the square inch for the full presspre. 
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1^<piN|ad» niwd one foot high, fay &e maximum 
|Nmmr of a. cubic &ot of water converted into steam 
> Ilf die temperature t, and force f in inches of mer- 
cwy. 

Exan^U.-^'L&t the force of the steam be 35 inches 
of mercury, or 2flbs. above die pressure of the 
atmoBjdleTe in the boiler ; the corresponding temper 
rathre is 220** ; and 

481% (468 + 220) hy^^g. =3,350,000 lbs. 

raised 1 foot by one cubic foot of water converted 
into steam. ^ 

The table (Table 11.) ^ the end of the work was 
calculated in this manner, and in the collection of 
tables we trust the reader will find a condensed, yet 
tolorably complete, view of the power, and expense 
of fuel for steam engines. 

The maximum velocity for a low pressure engine 
bears the same relation to tho leng^ of the stroke 
as in a high pressure one (see page 84). We have 
not for either kind of engine attempted to determine 
the variation that ought to take place when the 
engine works expansively; but it cannot be very 
considerable. 



CHAPTER V, 

Of the Can'iages for Raii^ftw^ — Wei^t ^ fiat- 
rufges — Eight- Wlteekd Cup^ges ^ — Size^ 
and Wheels — Rules for Strength iff Wheels' — Rjeak^ 
ance of Carriages compared v?ith Eaperience — 
Height of Load and Distttwdjlipf Wheds — (Connexion 
(f Horses to Carney — Kitm of Asks and Guards 
agauist Accidetds — Drags, Brakes or Convoys for 
Carnages — Theory of the Brah, — and its AppSca- 
tion to Carriages. 

Carriages for common railroads arc made strong, 
to resist the shocks they are exposed to at every 
change of velocity, and it is necessary to make the 
parts which come in contact, solid pieces, extending 
a little more than the length of the body pf the car- 
riage, and hooped at the extremities Id prevent 
splitting ; but carnages for passengers and for various 
kinds of goods must be provided with springs to 
reduce the force of these shocks. , 

The weight of carriages vary cipsiderably in diflfe- 
rent rail-roads ; in some cases the carriage is very 
little less than half the total weight, in others it is 
about -J ; but it is pretty evident, that when the 
wheels do not exceed about 4 feet diameter, the pro- 
portion may be reduced to and yet be sufficiently 
strong. In this case the load being 3 tons, the car- 
rii^ will be 1 ton, making a total of 4 tons. 
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Snsaii caniEges must obviously be both heavier 
tthd more expensive* in proportion* than large ones. 

as the stress on a wheel must be limited on a 
>rail-road, we ernmot much enlarge the carriages 
without adding to the iiumber of wheels. 

Eight- Whjuhi Carnages. 

When a carriage hai^ more than four wheels, the 
body must be sustained so that its pressure may be 
divided equally amon'/ the wheels. In the case 
where 8 wheels- are applied to support one body, if 
the body rests upon the wheel frame, of each set of 
four wheels, in the middle of its length ; (see fig. 26, 
Plate IV.) and is connected with those frames so as 
to allow the greatest possible change of level on the 
rails, it is obvious that each wheel must bear an 
equal pressure. If one frame with its four wheels 
be removed, and an axis with two wheels applied in 
its place, the carriage would have 6 wheels, and it 
would be easy to adjust the load so that the pressure 
on each pair of wheels would be equal. 

By this mode of construction, carriages might be 
made capable of cifirrying 6 or 8 tons without requir- 
ing expensive rails. A less load than six tons for 
each carriage would render it extremely inconve- 
nient, for a small carriage is often filled with one 
bulky package, though not loaded. The size of a 
rail- way carriage for the purposes of general traffic 
must not be less than that a stage w^;g<on (see 
ipi 16.) 

load on each wheel must be limited to* suit 





the stien^ of the mile ; it will sel^jUm eaceeed two 
tons on ft wheel, nor be less than half a tan* The 
ewe of the axles nsay therefore vary fr^ 2*2 inches 
to 3'd inchea. Perhaps the most advantageous load 
will be about tons on each wheel, vidiioh will re- 
quire an axis of 3 inches diameter. 

The size for the wheels is the next point to be 
considered ; we have already shewn. Chap. III. p. 47, 
that m regard to power, ther^ is much advantage in 
large wheels. But, practically, they must be limited 
to about 4 feet 6 inches, or, at the most, 6 feet, if 
made of cast iron ; and even if made of wood with 
malleable iron rims, this size could not be much ex- 
ceeded without rendering them very heavy ; and 
the reduction of effect from the weight of a wheel 
becomes very considerable in ascents, though they 
add to it again in the descents. In level roads, the 
power required to move a heavy wheel is not great ; 
(see p. 42) and the size appears only to be limited 
by that which is best adapt^ for strengUi and dura- 
bility. Now a cast iron wheel of 5 feet diameter is 
quite as large a one as we should consider it prudent 
to apply ; and it certainly ought to be cast of the best 
tough iron, and carefully atteiid«|| to, that une(|ual 
shrinkage in cooling may be pathvented. Por if a 
large wheel were to break from unequal tension in a 
carrif^e travelling at a quick rate, the consequences 
would be very serious. To diminish the risk from 
snch an accident carriages ought to be provided with 
a species of feet, fmrmed in such a manner, that in 
the event of a wheel breaking, the carriage would 
slide with that foot on the rails which corresponded 





Xf'Wp 4«*. »ot tt#* w^en vMi, cw» 
»j9(»»de sui9^Qtfy.»(^iij^,^ bewr .90 oc(^aBi<»>aii.,{iniii- 
^e of two to^oa « wlipel,, yt^tiiiout ^ppipaching «o 
^near to the.wt^t of iron tpjs^ a» to give oo <uivan- 
tago» because their du^fapty wiU bo much lew. 

1!l|te parte of a wheel of cest ixtm to resist a given 
ere easily prci|M]i^i(eiod%, but in so doing .we 
luust always consider tbem liable to double the«ordi> 
nary stress on the wheel. The easiest method is te 
cm^der the puts as solk^ rectangular pnsms ; and 
having leuiid tM'Wlk^ let'it be disposed in the fom 
of greatest I strength. Tho s^engtii of the rim will 
beibund by rule 2, art. 108, Tredgold on Iron ; the 
diatance hrom spoke to spoke being the length, and 
dieatrength.of the spokes may be det^mined by rule 
art. 236 of the same work ; and the distance of the 
direction of the force cannot exceed about the thick- 
ness of the spoke. The most advantageous form for 
section of the spokes is shewn by fig. 25, Plate 111., 
as it must be mie which will cast easily, and at the 
same time have as little material as possible collected 
in the meiutnd axis of the spoke. An example of the 
use of these rule#^ will render the operation more 
iaaaliar to timse who are not frequently engaged in 
snch oalcolationii. * 

A wheel 5 feet diameter ought to have 12 spokes 
or arms, and supposing the load on such a whed to 
be tmos, when the stress is equal upon each wheel 
of the carriage, then 2^ tons, or fifiOOlbs. will be the 
greatest stress that <»n bear on the wheel. Each 
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‘be^'6(^npe^t td tei^flbk ioleeim ; 
considering it a square prism, and ^at the distniice 
of the direction Of }he force is equal to the of 
tile tprisfiil whidi will lie about the >extrdnO Untit hf 
hs possible ran^, then titO' rulb' aboi^ 
duces itself to this simple fotfo : — Divide tiie i^fOhs 
in pouhds by 2200, and the product is the area of ^^e 
spoke' in inches, and this areh^ inay be dlspdsra In 
the most advantageous form^for dtrefigth as a hOf^dlr 
against the defects of casting, &c. 'NoVv the StreiM 

being 56001bs, we have = 2*56 inches, for the 

area, and its square root is 1*6 UM^i^ for the side.>i 
The circumference of the wheel- will he I4*£ feet 
at the mean diameter of the rim ; hence the distance 
from centre to centre of the spokes wiU be nearly 
1'4 feet, and, as this length multiplied by tiie streis 
in lbs. and divided by 850 times the breadth of the 
rim is equal to the square of its thickness; making 

the breadth 4 inches we have 2P = r62 

inches the thickness of metal to be disposed in the 
proper form for the rim. ' 

Since the quantity of iron in the rim must bu, 
4 X 1*52 = 6*08 inches, and its ^rcumferencc 15*5 
feet ; the weight of the rim will be 300ibs. and the 
weight ofethe spokes and centre 24dlbs., making the 
whole weight of the wheel very nearly 4^ cwt. 

The weight of a wheel of 10 feet in circumference 
to bear tiie same stress will be nearly 2'6 cwt. when 
it has 10 spokes and the breadth at .the rim is 4 
inches as before. 

Wheels for tram-roads may be calculated in the 
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Witik^ iS ifisiel; '^eeb fo:r raUs the of 
the wiU # Ut^ exceed one<£iihth^ of 

1^ ^ W toad; «%th 

0 ii£l3^'<i*haeli^iiley be hroaglit to oti«^ 



i^th 3f tons, jjj^ the axlds be 3 inches diameter, 
tNihedf (# 4 jfhot 6 in. ; and the 
rafib el^^tito'^ilSFlC^iliii' -fth of the Inessure, iMres hare 

7 purt f,fl.e,,w«5!ht for the force ttit 

toided oawioge oh’levet mto, «r 


l^t|lifi)4fdeiiWerh>yier^|rne endweU made, and 
kept in gom order, the ratio of the friction to the 
IMT^stire might not exceed and then the same 

by ^ part of ito rrt^t, 
of |kiSMe"c^63]bs.. But is the least iHOti^ 
kit ldt^(d»arv<e^ attd^mtd)^ cltouhi^taiio6& 

itoi'<Qidea3ate^pch ha* ^ donstntodOii^Of 
common carriage; lienee 'We have not att^i^j^^ 
^htoddoor s&di re^toed exphthhtiliti^ 

/|di’^4n 'tht)^ inatances rntphthotenttr; haVS' 

M thb' ibvee ke^ukod m more itoiviagel on 

vl^e niiiy* i^hkly «hdDi|il3rh< them vH^h om^ 

Stmdmmoii.And Wood are si^ to have 
% exp6im«ait, Ihid a loaded wa^n'of 


W’ 1 


' la 
itrtfQ i» 

wa«|pns, „ . 

W9gg90 in tbe freftetfinji/* 
waigli S34 cwU 




mm 


<y^ti >m»%<:s3KmSm m mCl^ 

laBuKahiliMsF to ai^bt|; tfae>|ivap$g^;>l0B«^^ 

(aee ^ 2d). TIm imUm 4^ h im m 

and the axes probably 1^ inches, and 

ease the relatien^'bl^ dlie<^ridt^dnW)^‘plre(iih^ is 

Jj‘ 


9'^l. 

,|rhe poftofttlii^ drawn by 
ttensrf.^arrwigea. '2i (opt, toiaj b^4..tons,. iii?- 

a?»fc,^lni(p.dJ) &(i! dp4€|f^ojp4Pcliw , 

^ T Vr) ='53dlb8i » f* ^ pojj/iMOi 

TotdtWI^' tip.,ei|®ty inMOOS np ,% 
wi4T/bn(4!P!PQ> 

sbewpg .%t the piopor nbg^^ )>|M 

4aan<^bepfc:l4tP«^fd.^o., .Kite i^4|rai|g|j^^ 
horaeis — i= 72ibs„ and the dijil«^'(piPnl$B^ 
pEa^'^^ay is gbon^ 16'miles. )5uraa91^^^ 
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wenjA^riB^ei^dnt 

l^'^^ifEtandE is somowhat greater expert# 

'Pi^t gives k. - . ' ■ «» 

! ^ On the Sun«yrait>^ili^ t}ie diam^ of the wheels 
being 32 kiehhs/ and the aides 2| at the shoulders, 


for the friction at the axle; 


^ rife = Ty 

and if .the resistance at the rails were only f th of this, 

the tdtal resistance would be 

■ * *^11* at 

Therefore the power necessary to driw 12 waggpps 

down the incliaa ^ n of I in 120 (see p. 16) would tie 

24mM. which is too mudi for 


8S668 (1 


i horse, though not beyond the power of a good one 
for so short a time, and we have most likely esti- 
mated the friction at the rails at more than its value 
in the new rail-way. But as one horse works one 
vVaggon loaded with 3 tons, making a total weight of 
about 4 tons, let us inquire what force he must eXert 
to ascend the inclination, using the same data. Our 
rule (p. 61) gives 8960 = 1761bs. This 

must be near the actual resistance, and consequently 
we may assume as tolerably near the truth, that the 
resistance at the rails in a tram-road is about fth of 
tibe resistance at the nxis. If we substitute the ratio! 

instead of the resistance comes out more than 
the horses appear to work against. 

Several other experiments have been made on the 
effect (Mpduced by horses on rail-ways, * but they 


•^iSome experiments, on the quantity a horse can draw on a rail- 
road, were made by Mr. Wilkes, of Measham, in 1799. (Repertory 
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m 

srd <i<^tiive'4n cousequmi^ ’ of tibe nvkio')Offj^ 
wkeel» tathe tuees not having been givrai ; out com- 
imiisons however must have shewn, that the ratio of 
the frktion to the pressure -which we have assumed 
is not far from that'to Which, ‘practice approaches* 

In proportioning the body of a carriage, it should 
be kept in Anew that the Ipadtishould be as low as 
possible, and particularly Where the inclined phthes 
are steep, for a high load ip such cases produces <a 
veiyQHinequa^lkress upon the wheelsf and conse- 
quently upon the rails. If the lie^ht of the centre 
of gravity of the load be at tbe^mH^t, above the 
level of the axles, of half the dUlpIte between ^ 
aXies, the whole stress will be upon the lowOr wheels 
on a plane of which the inclination is 45 degrees. 

of Alts, vol.xiii. p. 167 — 171.) A horM diew 21 waggon*, laden 
with coals. See, and amounting in the whole to 37| tons up an utcli-. 
nation of with ease ; and the same horse drew ^ of the former 
load, or 5*36 tons, down the inclination with ease. Now if we sup- 
pose the force of fraction to have been equal in both directions we 
may- find the friction by the rule for a descending trade (p. 59) ; we 

have = or die resistance from friction 

115(n— 1) 115(7—1) 8o 

was i/jf part of the load. Hence, we have 8^000 ( 1 / 5 — t4t) — 243lb8. 
the force oftraction exerted by the horse. The same horse drew 
3-2 tons up an acclivity of /-(■; therefore he was capable of drawing 
7168 4 - ^) = dSOlbs., and in this trial it was necessary to lock 

the wheek, the load was therefore about the extreme power of Uie 
horse. 

In another experiment made at Brinsley colliery, by Mr. Wilkes, 
the friction is -^g by the same mode of calculation. All these are 
extreme results as to the labour of a horse, and they are entitled to 
no further regard than to shew what effect can be produced for a 
short space of time, on occasions where it is required. 





Juffses.^, a«eeo#(ig m 

iyi^j|ai;.a^T|iiita|;e to ^ve l^tt;gey hind vheete, % 

^ greatest streas is oa .pair of wheels wiud^ 
have least fiiiotioiD | land^'^i'l^ cslati^ry, ia €tesaend« 
iftg, '^e siaaU whueels whfdh offer a greater res»t- 
a^ce* l^ve the dMaf part of the load. By this 
aiMtagenesit a* hotn^' hpelci maaage % oarriage on 
uralina^oais, where ivkhotit it, he would be oveimn 
carriage. Oli.-ce«apM>n toadfl||^e benelf; of 
uiatequal siaed ^[dteelhds for level roads 

direetion^|^H|M|raugl|hdiintni^es^e preSSuvi 
^e low wUnll^Vnd'yiB ^ey have the foil ^aet 
of their greater frictitm i^tevery declivity i and 
hotaes hold back m the most effectual direction to 
increase it, 

^ '^^nhea the iachn^on of the ateepest plane Is 
kahwti, the proportion between the height aft the 
oetttre of g^vityand the (Bstante between foe axles 
mky be determined- so that foe ppssure on the 
lower wheels may be only a given ({|||ntity. Thus, 
to' limit it^ to two-foirds of the load, multiply the 
deaOntiiiatw of foe fractimi representing the inchna!- 
tion by foe fostonce between the axles, andpne-sixfo 
oi Che product will be the height to whiph foe centse 
of gravity of the load may be raised above foe level 
of foe axes, before the. pressure on the lower wheels 
will l^'fdf'foe load.* For example, let foe incli- 


' TV. Y$max» on die |o)f^ «xle viH |)e 
Pkfit rV.); but AC = }AB-|* S tan. t; 


W X AC 

“TF ■ 


(%. ? 6 , 


hence 


W X AC 


AB 
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wtSkiH’httfi 4lufti%G«Apeif4iiidi0«iyr4^ 
ccmiftail ; ft&d il^ ^ttsm ^ b eitw >l> eii> \i4fe(i wdeai 4B 

i|K:t[e8 ; tli6ii, — = 46 inches' for^tiSS' height '<{t 

fi lo ^ ^ ** •» T- 

the qenitre of gr^vitiy: of the above the. %4 

the axles, when the tm the lower wh,^U 

umld be f of the load. ^ ^ 

When horses ai;e mplopd PMxaw oarrutgee ^ja 
rail-road, the traces i^ould b^ attashed so that the 
horp may <h|v in an asc^dhj^4irei^n, and tbie 
diieodon giv^wa hoiae adumtage in power 

to draw a forward, that i|^E^ he obtained, 
by fixii^f the traces ..he^ow of the axles 

when high wheels are employed. ' '<See dg. S;fiL) » 

^ Where carriages are to be drawn by horses at a 
considerable speed, it will be necessary either to 
have the horses bel^,m^ at the dida of.the canwige 
to piievent acoidenbn Psarhaps the same seoinity 
might be obtained by making the pole apt on abrake 
at the circui^erenoes of the wh^ls as soon as the 
horse held ba^ » 

The next point to be considered is the kind of 
axles. If the road be straight it is no matter who- 

^ , * V 

It 

W .f h not t» Sxoeed » W ; nonaSquentlr ve 

mnsthaye} + * * = »• = & = tbe height <Sf 

A- B aftO* z 

centre of gravity above tbe level of the ajtlee; and the lower a^le 
will always sustain the whole pressure of the load when--^jj^sh, 

A B <> 

«• for instutce, for 45^ tan. s 1 and c: ft. Whentisf, 
- A 

6tan, »"* 


J®i iOBSXRV&TliUffS^ AXlilES; 

th^ tile axkrUeveke t>r not ; but, :&• 3)ri,;¥iMii^'iitt 
renmiiced,* whosever the motion deviates :ftoiii . a 
straight line, the wheels that are fixed on a sn^le 
axis must one of them be dragged forwards, and tiie 
other pushed baidcwards ; tissTelbre we would {H«fer 
making the wheels revolve <m fixed axles; because 
they must do less m^ory to the wheels and rails Of 
the curved parts of the road> and require less power 
whmi, under any atiangement, there^ust be some 
lost by lateral rubbuig agaipst the gti^bs. « 

As it is most deslirdble that wheels should be 
retmned secureji^pon their axles, a variety of me- 
thods of rendemg them secure have been proposed; 
One of the obvious properties of a good method is 
simplicity ; it should be easily understood^ and diffi- 
cult to misapply or to mismanage ; and as the wheel 
il to be retained in its position by more or less fric-- 
tioB against the parts which accomplish this (ffiject, 
it must be obvious that the rubbing parts ought to 
be as near as possible to the cqi^re of motion; 
These conditions enable us at once m;see the impro- 
jwiety of using some of the methods that have been 
proposed; but these methods may be applied as a 
means of security. 

It does not appear that any thing has been pro-p 
posed that is more secure and simple than the 
common lii^h-pin ; except those contnvances which 
act a greater distance from the centre of motion. 
Those which have the property of acting near to 
the centre, in common with the linch-pin, are too 


Nat. Phil. vol. i. p. 2l7. 
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£iipC3isiv« for coiriAg^ iieoetuntijir 

except where considerable ^ed is wanted. , 

Where wheels are secured by a Ijnch'^pin, they 
may be render^ more wtfe by addhig the gfuard !&•> 
vented by Mr. Padbury.fi l^e same principle has 
lately been aj^lied to retain the wheel on the axiSyf 
but though objectionable finn(||j^at , purpose, as it 
applies the guiding surface at too great a distance 
from toe axis, ^t it is very well adapted in the same 
fonn|R for a sal||||^rd to preventt^toe wheel coming 
off in case the linch-pin breaks, or ih jost out. With 
some little variatien we have Bha|j||ji’ this guard as 
applied at toe Ayr colliery (see Plate IV.) ; 

it differs from Mr. Padbury’s, toe latter consisting of 
a screw. This guard should be just clear of the 
collar or groove which is to receive it when the linch- 
pin is in, but when the linch-pin is out, eitoer froih 
neglect or accident, the wheel will be retained on by 
the guard. 

Linch-pins ought to be made as strong as they 
can be made witoout weakening the axles, and they 
ought not to be too thin, for they are then very 
liable to be broken laterally ; the principal strain on 
them being in that direction. They ought to be 
made of very tough iron, and indeed it would be 
well worth toe additional expense to make them of 
tough steel. 

For carriages designed for quick travelling with 

* Transactions of the Society of Arts^ vol. xxxu p. 226, See also 
Phillips* application of the same principle, vol. xxxvii. p. 158. 

t Dr. Brewster's Enoyclop. art. Rail-way, p. 309; or Glasgow 
Mechanic’s Magazine, vol. iii. p. 2 
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Ibe ^Bsdes qtfrcaated iff t 

>f.' 

BBuai‘be l3ie,BDiisaju»|ttovidbd^ 

casion, requires ; .|t» Ibr'iitaffijpiei ;ifi' the ieseent'^uf 
iur mdiiied plBb4}'?fl ¥eg«dlaimg^^ nedesssiy, 

lmdnvre7^liaver ilBhef|||||»m^aflk)i^ ^aee (p;€i2,) liii^ 
imu <)&a-le^el'{)ud <il'^>iBals ^ will fun- a 

oo 0 ii(ier&bted»taiii&el)efere ks Telbcyyjbe destroyed; 
lUice, ito be'|n;diri^^Witb B 
idcBioo, oCtoifisid^ldi^^poitkhe^^^ 

Qa^^tke ' ”^rnT ■ ttiil' rmjr the wa^iw 

aie reigolajteJ^^ bietiod pti ^the surf^iciM of the 
Wbseta^ nifttidh is fpjitfduced hy tiie attenda&t prying 
lai^lie eod 0f ttbent wodded lever/-eatl<id a tormy^ 
vhich ks centre df mdtion £xed to the side of 
tfie>we^g;g<m>''1li^ p^sdre' 6n the dever cajiuiei it to 
lub agantst'&e’^j^Sk^ kutfaces of the two wheels 
on that side of the waggon, and produces a frukioh 
fffopoilao&al to the pressure on Ih^m^e. 

<>' ^here the wheels'tum on the WSm, this plan is 
not 'adapted to the purpose; beeausd its ap^didation 
<aihne ^e otdyj' would give the waggon or carriage 
« temlency tO'riad off the rads. There is a descrip* 
Ikm of a method of apjdying a bitdhe on bdth '^es 
Ilf a waggon, with a me^od>of locking it at any 
preoBUre so as ^ot to require tiie constant action of 
the afttendant;' in Desagulitt's Experimaital 
’Philosophy;’'* Which, though less Simple than the 

. f Vol. i. p. 274, 1734. The rail-way of the stone quarries near 
Bathy with oak rails. 


Mi 

mode of regulating tte descent, or (^ftof^niigi# 
U^lgiriQ^ wbeiietlie wlieidii^^ Itnd 

it,.iiiiayubo e^p«Uj&Qd> pramld M l»ett)mrf|M)t to 
make it aot on eeck indo M^mrutety. . , _ ^ ^ i; ' 

Am inge^us mode tC.nMitrding the motion. AIm 
carnage, is also desmbed in t|p ** JjraosaetioQh of 
die Society of Arts,”* inymMed JRnpwm ; hul 

it sf^dies th|Jpcti<m id Woentt^^ jeUstance ixcm 
the ornitim olpwioa, ^ use,eii MinShm^. Thil 
action of the r^asdiag faiheois similar to the dnotkai 
of i^brake*whe^, Mid* ns a mwdyiMttr degree oi 
fnetion cm be procured by .a iptf^presture by 
applying this method, viU explain its tfaeoreticdl 
principles, and shew our own mode cCapplying iima 
to the subject under consideration# . /• 

Themy of the Brahe'WheeU—’AM iSdetbn is piopciif» 
tional to the pressure, at least it may4>e‘cx»isidfflred 
so in practice, our first object must be to asceitaia 
the pressure .«^|^be circumference on which the 
brake acts'. lilPlf, (fig. 30, Plate IV.) be the weight 
pr pressurn whfeb causes the iirictiott, and let A be a 
S^rt .pprtion «of the brake. Thmi, .the block A » 
acted upon by the force W, and the stress on its 
connection to the next hlfck 3j; these forces '{uess 
the block A, on the circm^erenee of the arheel; and 
if the direction and intensity of the force W, beaht 
jt must be retainedf by au equal foroe h d, and the 
jmsssure on the sur&ce of the whmd 
will be measured by 6 c; the parallelogram abdc 


• Vd.xxxiii. p. 137; 1815. 
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leonstraeted on the directUms of &e $$cce«, 
Tbe^lbvce prodilcing the presBpre on the next block 
will be. diminished by amount of the friction on 
the first block ; and so on in oach succeeding one ; 
but the ratio of the forced to the pressures wiB be 
constant ; «md, as the distance between the joints is 
to the radius of th^ircle passing through them, so 
is the pressure to the force which produces it. For 
a b i b c :: a O : it d. Hence, if s b^he side of the 
polygon, whose angles correspondSb the joints 
between the blocks, and » be its nuu^r of its sides 
occupied by oi: th6 number of blocks, /j^he 
fnction when ^'pressure is unity, and r the radius 
O a ; then, 

=^^(1 + (1 -/) + (!-/)•+ (1 -/)■) = 

the friction of the brake. 

But the sum of the geometrical progression is„ 

therefore. 

-^(l -(1 -/)■)= th^tion. 

Now, the friction increases witn the value of », 
provided we do not reduce the length between the 
joints s in a greater degree, for the greater « is made, 
the less distance there will be between the joints. 
When the brake is to act on half the circumference, 
the friction will be the greatest when » = 2. Then, 
s = 1*4142, and as the fnction of fir on iron is about 
^ of the pressure, we ought to have 2 blocks, and 
*62 W = the friction. ! If the blocks are to occupy f 
of the circumference, then 2 blocks will give the 
maximum, and the friction is *75 W. If the friction 
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4li& vwbole -cttoum^ thtoa;;^ 
blocks g^ve the greatest effect, and the. frietioa.ilB 
s W ; the -vreight which produces it. i ' 
lit must be distinctly understood that these pro* 
portions ere confined, to. the cases where tiie fricfion 
is ^ of the pressure ; and others must . be computed 

from the formula -^(l — (1 -%)" )• 

When the whole circunM^rence is to be acted 
upon, it is evIB^Uy an advantage to take the halves 
separately ; ragmen the friction is 2 x *62 W = 1 *24 W, 
instead of being only equal to W ; and this has been 
ascirtained by experience, the brakes being 
constructed in this manner. t 

To apply these deductions to the regulation of the 
motion of carriages, it should be remarked, that the 
power of the brake must be sufficient to stop the 
motion of the wheels, though this, power should 
rarely be exerted ; for the wheels would then slide 
on the rails and;both wheels and rails be injured. 

We have' fqji|id by experiment that;: a carriage 
would slide onlme rails if the wheels were fixed 
when the moving force is -J- of the -weight; (p. 57) 
ccttisequently, the action of the brake on the wheels 
ought to be equal to this. Suppose the brake is to 
act on one wheel, and that the stress on the wheel is 

one ton, then; = 373 lbs., and = 6001bs., 

the force that would be required at A, fig. 31, to 
stop the wheel so that it would slide on the rails, 
supposing the wheel to be moving in the direction 
indicated by the arrow. But a force of (1 — *62) 
600 = 224 lbs., will produce the shme effect applied 



lid vmxwr or BitAEt>wiixmi.s. 

het tts MiipoBe the opptoite vfheel to be 
ii|KHi at the same time by means of a hoii- 
axis C, whidluwill render it necessary to 
l^|dy a &t<oe of 44f IM. ^bgrtsieaiis of this axis. The 
Ibrce of a man to tnove a lever in such a case, may 

be|ni^ ^ ^lbs.„apd =,9 nearly, or the levels 

mnst be so ptopoi^ned that the man’s hand ^11 
mooeoter 9 nmhes, while the point B moves one 
Inch. A lEjiring to suppest the bra|& just clear of 
'wheel, and a 'ratch^ to hold lever at any 
degna&of htbess shoidd bd^ded; and by means of 
a connectu^r^D; thd lever may be at eidier Ind 
of the carriage. 
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Oh Selecting the lane fhf'a 
ihe Levels for a «&e XaeHtm 

timfor a Ihscm^&s^x tmdDmenLm 

Deep Cutti^f Emhonkmet^, Biidgeof^madtk ^ 
Rail-RoaJl^Width ^ ZW reguivfia for'^BmL 
Brnds-Rml-Brnd fisc Jiie6smg«^^ ^si.JDtuptrixia^ 
^Fassis^ filec^ md Jkrf^ PlifMfisnm, » f 

There are very few subjects in the practice ^ 
civil engineering which demand so much {Murticulax 
information, profound skill, and such extetinve 
views of the effects of tirade and ^mmerce# as tiid 
selection of a line for a railroad or a canal. Neariy 
similar objects' require the attention in both cases, 
but the peculiaUf j^operties of each must be coa> 
sidered. The man who has to rely fot in&nnatioii 
on any material point, upon tiie knouf^ledge of others^ 
cannot grasp in his own mind the ‘question in sdl im 
bearings. He must see in his own ** mind’s aye” 
the opera^n and effect of the work when compile, 
he must dispose of advanta^s to peculiar pomtSu 
with due care hot to affect the interests of the prin* 
cipal trade; and be pr^ared to embrace all tke 
circumstances, whicl^ opemng a new Jine of con- 
veyance, may be expected to call forth. 

It is evident that, besides a complete knowledge 
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of the surface of a country, a knowledge of its 
internal' structure and mineral contents, is necessary 
Metallic ores, coals, lime, marl, building stone, &c., 
become valuable property in the vicinity of a rail- 
road ; and at the same time a source of profit to its 
proprietors. 

The interests of aagriculture must also be under- 
stood, and such arrangemeiits made as are likely to 
benefit the land-owners through whose property the 
line passes: For a road cannot be <^ened through 
an estate without incor’-enience, to use the mildest 
expression, and that inconvenience ought, as f||^ as 
possible, to be compensated by attention to every 
circumstance likely to enhance the value of the 
property. The conveyance of manure, marl, lime, 
&c., will naturally be encouraged, because it is life 
interest of both parties ; while the tolls should be as 
low on these articles as will clear the expense of 
conveyance. 

In consulting the interests of a manufacturing 
district, it must be recollected, that “ time is an im- 
portant element in all commercial transactions/’ and 
next in value, is security ; that economy should be 
attended to, we hardly need point out ; but it should 
be real, and not apparent economy. This renders it 
evident that an engineer should be conv^ant with 
money affairs, and able to reduce to direct compu- 
tation, the advantage or disadvantage of cutting, 
embanking, &c., to obtain a direct communication 
compared with that of a circuitous line. The mere 
interest and return of capital is not to 'be the sole 
object of consideration, the delay and loss . of time 
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iimst ftbp be.ttonBideted; and such 
expense in cutting and embankment pay be uU^|a 
hs is considered equivalent to the importance of 
saving time. 

In order to facilitate the choica of a Ime as it 
regards the surface of the country, the engineer -may 
be reminded, that even in the dispoeal whldi neture 
has made of hills aod,va|leys therq^is much system. 
Those things which to the first glance of the better 
informed, an4at all times to the ignorant, appear to 
be without order or arrangement, are the result of 
the uiorm action of natural causes, and are in 
rei&ity capable of being traced ai^ described with 
less difficulty than would be exjiected. Wheye a 
considerable trad of muatiy is to be surveyed, the 
^st index to its elevations and depressions is its 
streams and rivets, these indicate every change of 
inclination ; and, to the experienced eye, with con- 
siderable precision. It will also be observed, that 
each river has 'is system of valleys ; and except in a 
few instances, where the draining is effected by the 
outburst of an (>pen stratum, a district, whose 
bounding ridge is .laJ’y traced, is drained by its 
river and system of valleys.* 

* About^e years ago, a model of EnglaDd, m wood, waabjegun by 
a much-lamented brotlier, who died m 182g. It was to have been 
in separate squares, with the scqie of elevations 5 times the scale of 
the plan ; one of these squares u partly carved, and an immense 
quantity of ufonnaUon re^udmg sections, heists, levels, sotandiUgs, 
charts, dec., is collected. The principle to be acted upon ww that 
of carving each river with its subordinate streams, as accurately as 
possible, and then pioceeding to complete the valleys pnd ridges. 
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f 1 ' 

£Hci»e4 « tolerable idea the best di#eo* 
tiqiii^lbv tbe foad, Hie next step be to make a 
nec^ parHcular survey* with a view to fix nearly the 
p«eeise line. We wesild i^d(Knmend the piincipel 
enguitier to have this dene by rectangular lines* as 
infinitely superior to surveying^ by triangles, in 
gitfing 1:^ an exact knowledge of th^ surface of the 
enuntry. Perhaps, wiHi the assistance of a diagram, 
we^shall Jje.able to render the advantage of this 
method obvious. Let A B-(fig. 32, ]Jlate IV.) be a 
portion of the inten^l liite, tmd C D^'the breadth of 
country to be incited in<tlie survey. At any amt* 
able distances choose <tf^tions a & a, their distlRce 
apart depending on the changes of level, and let the 
principal line AJ3, and ’also the^i^oss lines hbhh^ 
&c. be accurately levelled, aim then drawn, ^ 
shewn in the l^re, on the plan of tlje line of road. 
Jf the distance.' A is required to be considerable, 
perhaps an additional line in the principal direction 
may^be necessary. The etched lines shew the form 
of the stufaoe at tlie line A B, h b,> b b, Ac. on the 
plan; and the latter being sections at right angles to 
A B, thfere is no difficulty in seeing the extent of 
Cutting iit of embankment that may be avoided by 
tiarying the position of the principal line. In fact, a 
fdan fd this'kifid, to a person familiar with sections, 
is bettor th^ a model jrf the country. 

But, in proceeding to fik the exact line, it ought 

■jjA ym unikrtaking foi> one individv^ to conceive and 

ietahont; but ardent entbnsiasm vanqaishes diUKulties; bis knew 
Os^fioande; and peibaps it waa hie over-anxious pursuit of these 
It^iries which undermined his constitution. ' 
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to %e'aM!artainod, whetiieir the ttedeitv^i 
ooe in both directaons or not If m e^eet tmde^ 
Uhely to be- esrtaUiSihed, ^en the line iUrniM Wt* 
fevel as possible. lf% permanent unequal tied^ he 
the only one thatcan be (HHiilucted ^ fall*tiely> 
and many rail-wa^ will be of this kind, then Ihiii^ 
is one inclinafton best ^adapfted for the trade. 
have shewn how to %«d this inelihtttion in aa 
algebraic formula (p. $9), - but ive give‘s 
rule in a morf^opular form. ' 

Rule . — ^To me todnage in each direction add the 
w^ht of the wa^ns requhed 1^* carry the greater 
tolRage, divide the greaWr^um by Ae less, aitd 
make the quotient, diminished by 1, the numerator, 
and the same qi^ient, with 1 added, the denomi* 
nalor of a fracti^. Multiply this fidethtn by the 
fraction repretienting the resistance on the level railsi 
and the result will be the fraction^Wwing the best 
inclination for the trade. ' 

Let us 8 U|>p 08 e that it has been ascertained, that 
for every 1000 tens of gooda»or minerals that will go 
in one direction, there will be only 500 tons returned 
in the opposite oncj and let. the weight of the 
waggons to carry lOOO^tOns be 250" tons. Then^ add 
to 1000 tons the weight; of the w^gt«w, whkdi 
makes 1250 tons. Also, to 500 tons hdd the weight ^ 
of the waggons, the sum biwg 750'tcg|fSi Divide 

1250 by 760; that is, 1*666. Then, from 

1*666 substreqft 1 for h numerator^ adidnadd 1 for a 
denominator, and we have 'gTggg- = i* Now, if 11b. 
will draw 1301bs. on the rail-road, then \ x 7 Vrr rH' 
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ot th^ descent, ' ^ould be 1 hi 6SS0, (nr^veaf 
ne^i^y 10 feetin a mile. 

If the empty waggons only were to be returned^ 

-260 = ^ T+T^= TT’ 

1.5 tW — tWj or a desteht of 1 jpart in 195, Or 

nearly 27 feet in a mUe. iPrpm these examples it 
wiU be evident, that this point requires to be attended 
to with some care, and particularly where horse 
power is employ^: for much mpst be lost where the 
power required ihipe different directions is unequal. 

The circumstances ^||||ecting the general inc^a- 
tions or levels liaving been carefully considered, the 
next will lie the ^cenfi^,and descents. 

Where either hdrse power or the steam carriage 
is to be employed, every ascent or descent which 
cannot be overcome without the aid of a stationary 
engine must; be^^ iiypided, unless the expense of 
cutting or embanking will exceed the present money 
that would compensate for the delay and expense of 
the ei%ine and its apparatus, attendance, &c. See 
Chap. VIII. 

If stationmy engines be employed throughout the 
line,* of thqg^kind we have proposed (p. 89), then 
the height (d the s^ept or dep^ of descent will be 
immaterial, provided it be not too abrupt ; and deep 
cutting may a great measure avoided. ,In 

We omitted to state, in its jn'Oper place, t^t these engines, at 
regular distances with endless chains, appear to have been first pro- 
" posed by Mr. Edgeworth, (Nicholson’s Journal, 8vo series, voi. i. 
p. 223.) The velocity he thought obtainable, was 8 miles hour. 
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forming efflliankniente, the qujeixitity of iprq^d thet 
will be injured by forming the necessary skfjies to the 
embankment will depend on the nature of the mate- 
rials of which the new ground will consist ; for an 
embankment that would stand perfectly firm, ihid be»r 
the action of the* weath'ar, when formed of saitd, 
gravel, or the* debris of rocks, and other materials 
that do not retain water in thoir fissures, would not 
last one winter if it chiefly consisted of clay. ThO 
same remark applies with equal force to Cutting, 
where it is made through a str§|um of clay, as we 
h^ an example in the HighgaW%rchway. 

A slope of 1 to 1, that isr% slope of 45“, is found 
sufficient for ordinary earth ; for day, 3 to 2, or a 
slope of 34° with the horizon, may often be required, 
unless it can be mixed with open materials, to pre- 
vent water collecting in the fissures produced by its 
shrinkage in dry weather. In other cases, so'hteep a 
face may be left as 2 to 3 ; or even 1 to 2 ; * and the 
slope that will be likely to stand may easily be 
judged of, by knowing the nature of the strat^ which 
will be cut through, and examining its state where 
exposed in the surrounding district. 

In some cases, where good stone is at hand, a 
ravine or den may be crossed by ar«hes, in a*style 
similar to the ancient aqueducts ; indeed, the struc- 
ture of arches and bridges must .frequently require 
the science and skill of the engineer of a rail-way. 
It is but recently that the scientific principles of 

t 

* A slope of 2 to 3 sonifies the base is to the height as 2 is to 
3, the first number always representing the base. 
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bridg^'^ave been correctly treated, and it requuns 
a b^arate treatise for each an importaat sala^eict.* 
^%%e extent of lemd required fiv a rail-'road nnist 
depend on the toeadtb and number of tbe tracks. 
The breadth of the frack'hes father been determined 
by opinion, than as a quealimi arising out of the cir- 
cumstances of the case^. ^^ut it must be obvious, 
that the breadth iff track ought to have some 
relation to the height of the load, in order that the 
oaniage may be altrays in stable equilibrium on the 
rails ; and in rail-4j|ii'' there is another circumstance 
to be considered^lmlfe assure on the rads sh^d 
not be materially alteiwoy any slight depression of 
one side of the road. It may be taken as a general 
rule, for the triUth'^between the rails for carriages 
travelling at ft»greaikk speed than 5 miles per hour, 
that the centime d gthvity should not be higher in 
proportion to the breadth between the rails than as 
1 is to 1^; but they are often soconstnicted that the 
height of die centre is e4dal, or nearly equal, to the 
iM’eadth between the rails; mid with this proportion, 
in slow moiti(UiSi nd'ill' consequence may probably 
occur; but in rapid motions, the cenme of gravity 
must be kept at least within the limits we have 
mentioned, o!i^ere will be much risk of the carria^ 
being overthrown by a veiy small obstruction. On 
a common road, Ihb great resistance at the surface of 
the wheels, and thefotce of the shoving power, tend 

' * On the sallgect of bridges, the reader may conaoH the artkie 

Batsos, m Napier’s Supp. tb the Enryclop. Brit.; andiheaifide 
STtiliE-MAbo%Rt, in the same work. ‘ 
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totk«^ the (sunrise uj^sot^g^ 
way,. the sioaUaeeB of the moving ibtnei, and lijlMe 
iaerease of cesiatance to the wheel which takes sthe 
stress, render them insufficient to balance the iim><- 
mentum the carriage acq^res by ftrifchig <o& 
obstruction ; besides, the connexion of the moving 
force is not 89 favourable for drawii^ the carriage 
back to its position. All these circumstances demand 
the serious attention of the engineer who has to 
conduct a rail-waj^ where the carriages are to pro- 
ceed at the rate o" ’ 0 miles an 
^he width between tlm mm' being therefore 
d^endent on the height w^the centre of gravity of 
the loaded carriages, and this again var^ng urith 
the nature of the load and the yelopity^ it will be 
obvioi^' we cannot do better thdn mahe the breadth 
between the rails such, that, by disposal of the load, 
the centre of gravity may be kept within the proper 


• We speak of this as a rapid motion, and the mote we Consider 
the subject, the more reason we dnd to consider it so, and we see 
no material advantage in a gfeatei^ speed, uiilesi|^ at were on a rail- 
way for messengers and letters only, whei^e the si^l carnnge to con- 
tain the messenger and letters may be impelled by a man, 8eate4 in 
it so that he could work in a manner similar to a man rowwgk ’On 
a rad-way adapted for such a h^ttsaTriuge, wim its bad suspended 
bebwits axles, a great upeed mig^t be* obtained, when habit had 
rondered i| mippar^le ; and' perhaps it may in a few mstanoes 
be worthy of trial, where the quick transmission pf intelligence or 
despatches is of importance : and, bein^; successful in these instances, 
k might be adopted for the conveyance of mails; but that any 
general system of ceiiVeying passexigers would answer, to go* at a 
vdbcity eaceedmg 10 miles an hour, or thereabouts, is extremely 
improbable. 
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, liittit im either species of vehicle, whe^et swift or 
slow.^ And it would be desirable that the same' 
br^th and the same stress on a wheel should be 
adopted in all rail-ways. We wOuld propose 4 feet 
6 inches between the rails for heavy goods, and* 
6 feet for light carriages, to go at greater speed. 
Hence, for a single road we may estimate 6 feet to 
the outside of rails, 3 feet on each side for path, aed 
4 feet on each side for hedge and ditch ; or a total 
width of 19 feet. If the road be 6 feet between the 
rails, 21 feet will i cquircd. For a double track 
we may allow 4 f^ bdjween the carriages, wh^h 
will make the total widOT28 feet for heavy carriages, 
and 32 feet for light ones. A double track for each 
species ought not to have less than a total width of 
56 feet. 

When a road-way of such considerable width is to 
be set out, some care will be required to adjust the 
cutting to the embanking, so that as little labour 
may be expended in moving earth as possible ; and 
the sum of the masses transported, each multiplied 
by the space it is moved through, ought to be a 
minimum.* In side catting, more skill is requireB in 
this respect than is apparent, till it be recollected, 
that a rail-rodd must deviate very little from a 
.straight line, and the sides of hills are generally 
curved. 

In all rail-roacTs it is necessary that there should 

* The reader who wish^ to study this sirtyect may consult 
Gauthey’s Construction des Fonts, tome' lime, p. 195 et 391 ; or 
Belidoi's Science des Ingenteurs, liv. iii., chap, viii., ct note de 
rcdrtcur ; ed. 1814. 
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be passing plapes at certjun parts laf the road, and in 
single tracks they be very frequent. On the ; 

side roads for passing, it would 1^ desirable .to i^ace 
turning platforms for changing the direction, of .a 
carriage, eidier for returning or going off in a branch 
road; for it does appear to us a dangerous expedient 
to have either turning or sliding platfbnns <m the 
principal lines. , - 



CHAPTER VII. 


Of the Conetructim of Reut-Roads — Rails for Rail- 
Roads — Advanfeges of Lor^ Rails — Form, Breadth, 
and Strength <f Cast Iron Rails — Effect of Percus- 
si(m — Form, Brf^th, Ikrength, and Durability of 
MaUeabk Iron Ren Is-— Forming and Draining,, the 
Road, and Be^kng t^ Blocks for supporting the 
Rails — Length of thUfRails to render the Expense of 
the Road the least posable — Proper Materials to be 
in contact with tpe Rails — Construction of Embank- 
merds — Curved ' Roads — Strength and Form for 
Tram-Rails. 

lx treating of the construction of rail-roads, it will 
fiitjst be diiesirable to estimate the proper strength and 
form for the rails^ and then proceed to the mode of 
filling them* Edge-rails being first treated of in 
this manner, we shall then give the strength and 
form finr tram-rails, chiefly with a view to their 
being appUed for temporary purposes j for, as we 
have before stated, (p. 32>) they are not adapted for 
permanent roads* The strength we have assigned 
for the rails is the least &at ought to be given, and 
for roads where th^e is considerable traffic, the 
Strength ought to be increased.according to the rate 
we give for that purpose, sulyect to the discretion of 
those who employ them. 
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Of the Rails fbr Rail-Roads. 

There are two kinds of rails which succeed in 
{nactice, these are wrought iron rails and cast iron 
ones. We can scarcely expect wrought iron to 
endure so long as cast; when exposed to 
of the weather, with the wet retained in contact, as 
it must be in a ttul-way; but wronght iron has 
some other advantages of considerable importance, 
and which we will explain in th^plaee, because it 
will nender our investigati^ of^eir strength and 
proportions more direct. 

A cast iron rail 'is more liable to fracture than a 
wrought iron one, even when made Of the best and 
toughest cast iron ; and the force that would break a 
cast bar would only give a wrought bar a small per- 
manent depression, which would not interrupt the 
traffic on the road) 

Again, a wrought iron bar is made of considerable 
length, while a oast iron one is seldom'made more 
than 4 or 5 feet long; hence, the wrought iron bar is 
mordeffeetivB'in connecting the pjots ofthe rail-way 
together, and the joints offer less obstri|ction; to the 
carnage. B\rt whether long rails be of wroug^it or 
cast iron, it is extremely desirable that they ^rduld 
rest upon intermediate Supjports ; Und it hi only thofe 
difficulty of adjusting ^ese supports, so that 'tile 
rails may bear equally upon them, wWch preveflts 
cast iron rails being used in long lengths; for its 
flexure is so small before fracture, that a slig^ sink- 
ing of one of the supports would be the cause Of the 
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rsdl breaking. Wrought iron, on the contrary, takes 
a set Curvature to Uie depression of the suppoM:. in 
a very well-founded road it would be an advantage 
to use cast iron in longer lengths; but, for the reaisbh 
hbove assigned, we could not trust to intermediate 
supports. 

The reasons for preferring long lengths are the 
additional strength thereby obtained, and at no ad- 
ditional expense of material, and fewer joints. The 
short rail A B (fig. 16, Plate III.) is not so Strong 
as the middle part (.' D (fig. 16) of a rail tliree 
times the length. If tj^ ends £ F of the long rail 
were firmly 'fixed, the i^dle part of it, C D, would 
bear nearly twice the load it would carry if cut to 
the length C D ; it having the advantage of the 
strength of the bar at C and D. The parts E C and 
D F are also much stronger than when divided into 
short rails. In this arrangement, however, the 
strength is unequal; but it might be rendered nearly 
equid by dividing the whole length of the bar into 7 
parts, and making the distance of the middle sup- 
ports 3 of such parte, as in fig. 17. And if there 
be any othe#aumber of intermediate supports, it will 
be only necessary to make the end spaces to the 
middle spaces, as 2 is to 3. In long wrought iron 
rails this mode of suppOTting them will render them 
very nearly of uniform strength. 

Cast Iron Edge- Rails. 

Respecting cast iron rails, we have to consider 
the form, the breadth of the upper side, and the 
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strength. The form should be that whidi g^ves the 
Wat strength with the least material ; but, in our 
inquiry respecting this form, it must be remembered, 
that a form should be chosen which will suffer as 
little depression as possible when the load is upaU 
the middle of the unsupported part of the rail; it 
being very obvious, that such depression must hftve 
the same effect as an undulating surface, in render* 
ing the motion of the carriages irregular, and in 
increasing the draught. The breadth being uniform, 
thsiputline of the depth should be a semi-ellipse, so 
that the rail may be equallv^roiig at every point to 
resist a load rolling over it^ but it is shewn in the 
" Essay on the Strength of Iron,” that by adopting 
the form of equal strength, we shall have an increased 
depression m the ratio of 9 to 7 ;t and as the saving 
of material is inconsiderable, when the cross section 
of the rail is made of the best form, it would be 
better to use a r«ul of uniform depth; 

In order to settle the form of the cross section of 
a rail, the breadth of the edge on which the wheels 
are to roll should be fixed upon, and this breadth 
should obviously be proportionja| to the load upon 
one wheel, when the diameters of the wheels are 
the same ; but the larger the diameter of a wheel, 
the gpreater the surface of contact; and, consequently, 
for large wheels less, breadth is necessary than for 
small ones. If we omit the influence of the wheel’s 
diameter, and regulate the width by the stress upon 
the rail, it will be a sufficient guide for practice. 

* Essay on the Strength of Iron, p. 49, second edition. 

t Idem, articles 87 and 91. 
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oibserved^ that in tha neighbourhood of 
the width of the upper edge of the cast 
is 2 inches, where the stress on each 
wheel is I ton. Therefore, as 1 ton : 2 in. : : W : 2 W, 
lbs die^breadth in inches shaukl be twice the weight 
upoaesie wheel in tons ; which may be conveniently 
exfh'eased by stating, that the. breadth of the top rail 
s|iK>idd be an inch for each ^hatf ton of stress on one 

whh^> 

>' mean tbiolaiess ought not to be less than half 
tha breadth ofih^npljer side; and the least thiBk- 
4Qiess of the seofion not less than half the mean 
thickness, car ^e'lfourtff^f the breadth, and not less 
idtaa ^ an inclrm any case. These proportions being 
settled, the qnajptity of matter may be disposed so 
M 'to give it the greatest degree of strength, by 
dMBiiiishingj the thickness near the ndlddle of the 
ond hipaensing it at the upper and lower 
eier&ces, wltiere it has most effect in resisting lateral 
sh^; in the manner shewn m dg. 14, Plate II. 

adopting^the alKova proportions, we render the 
i^liteulaticsi of the atret^^ of rails very easy, and 
sdmf that oft^beir we^ht. The distance between the 
l|d|Cl!els of the canities should be such that the un> 
|tf;S|^>orted phrt of a rail /dmuld have to carry oply 
4^ vt^heel; and to allowibr the increased stress on 
null, .ttocideidis, bad castings, or other 
the'‘ rails should i>e calculated to bear 
<jlouble the greatest weight that is to be allowed on 
offb besides the advantage gained by dis- 

™|i nA..the cross section in the most favourable 
tottOmer for streneth. The deoth of the rail in 
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inobes may be fqund by multiplyiag; the< 
between the supports in £eet by 6*27, and 
square root product will be tbe 

inehes* ^ i 4 m 

Erampk , — If the distance of the supperta. btt 
3 feet, then 5*27 x 3 = 16*8^, of which 
root is very nearly 4 inches, the depth ; 
the stress of one wheel is 1 ton, the breadth of 
upper edge will be 2 inches ; the mean breadth i 
inch, and the thickness at the middle of the depth' 
ha^an inch. 

The area of the section of the rhU is equal to’the 
depth multiplied by the ^ean brq^th, and,;ii> 
therefore, 4 inches ; and the weight of a yard in 
length is 4 X 3 X 3*2 = SS^lbs.f ,, ^ 1 

For convenience of reference, a table is given at 
the aid of the work, shewing the depth, breadthjr 
and weight of rails for various lengths and, degrees 
of stress, as calculated by the aWe rule; but in 
important works for considerable traffic, the breaddis 
should be increased about on^'third. The* reason* 
for this increase is, that computing the fall which 

• i 

+ * 

* If 10 be the weight on one wheel in tons, I the length betS/]^ 
the supports in feet, and b d the breadth and depth in incheij, ^th^ 

(Tredgold on Iron, art., 106,) =: 6 d*, for tteq, qr 

5*27 «D 1 s: & when the stress is snppMed'te be donUe, to 
for accidents, But we have supppeed the mean bcea4th*to 
the breadth of the upper surface, consequently, when ni is 1 
will be 1 inch, and any other stress will require a breadth in pteqk^ 
tioh ; tberefdre, 5*27 /:£ d*, or v' 5*27 1 =5 A •' 
t 7%e might of a bar of cast iiott 1 foot sad I inch square 
IS 3.21l». 
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would break such a rail as that in the above 
example, it appears that a wheel loaded with 1 ton 
falling from an obstacle somewhat less than 4 of an 
inch high, would b/eak the rail.* Long rails resist 
percussion better than short ones; a rail twice the 
length would resist a fall of -| of an inch. 

Wrought or MdtkahU Iron Rails. 

Malleable iicon rails have been applied only as 
edge rails; and we have already noticed th^||pd- 
vantage they possess in giving connexion to the 
parts and strongth to Ihe rails themselves. But it 
has been ob^rved,t that the great weight on the 
wheels rolling ipn those rails extends the Jaminae 
composing their upper surfaces, and at length causes 
these surfaces to break up in scales. ^^This defect is 
a very serious one, it arises out of two drcumstsmces, 
either of which would have little influence if taken 
alone. In the firstplace, all wrought iron rails are 
made too slight. tPhas been found, that an over- 
strain does not break them, but only gives them a 
set curvature, in proportion to the weakness, and 
hence the upper fibres become crippled and upset, 
(to use a technical phrase very expressive of the f^^t.) 

This alone, perhaps, would not cause the surface 
to break up in scales, if it were not for the injury 
the rail receives by the mode of manufacture. The 

* On ihh sulyect see the Practical Essay on the StrengUi of Iron, 
article 271. 

t Mr. Chs^aian’s Report on a Rad-way from Newcastle to 
Carlisle. 
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fbtni <of the rail is plttduced by passing it through 
rolfers, and the ci^ section of th<6 rails in use being 
irregular, the natural form of the rail, wh^n rolled, 
Mrould be a curve ; and it is in giving straightness to 
it that its texture is destroyed. By making the 
cross section of a rail consist of equal and similarly 
disposed parts, (and such a rail is the strongest with 
the same quantity of matter,) obtain a straight 
rail from the rollers, without injury to the external 
surfaces ; and a bi^ of uniform depth being stiffer 
th* one diminished towards the points of support, 
it becomes much easier to q^anufacture wrought iron 
rails than has been imagined. ^ 

The malleable iron rails being quite as soft, if not 
much'^softer dian the cast iron imes, it is obvious 
tha|; they sl^auld be at leas^of equal breadth on the 
upper surfd^ j indeedi we think they should have a 
greater breadth, but, assuming that the sante may 
answer in ordinary cases, the following will be about 
the proportions for these railsjap- 

An inch in breadth at thp top for each half ton of 
stress on one wheel, and fhe average thickness |t}i$ 
of the breadth at the top. If the raSls be calculated to 
sustain the actual stress' of one wheel without per- 
manent depression, when* of the average or mean 
thickness, the additional strength gained by the dis- 
posal of the parts of the ctoss section in strongest 
form, will be a sufocieni excess in this material, 
especially when we have the advantage of using it 
in long lengths, except for inclined planes, which 
should have stoonger rails in proportion to the 
increased stress upon them. 
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To cRlcuUte tlie strength for a stress of 1 ton ort 
a multiply the distance between the supports 

is feet, by 3*2, and the square root of the product is 
the depth required ;• and for any other stress make 
the breadth in proportion to the stress, and let the 
depth remain the same. * 

If the distan ce o f the supports be 3 feet, then 
v'3*2 X 3 = V 9*6 = Scinches, nearly; the breadth, 
of the top 2 inches, and the mean breadth f of an 
inch ; the parts disposed as hg. 14, which is drawn to 
a scale. The weight of a bar of iron 1 foot in len|^ 
and 1 inch square, being 3'41bs., the area of the 
section in inches, multiplied by the length in feet and 
by 3*4, will give the weight in lbs. These calcula- 
tions are made inserted in a table at the end of 
this work, for all the probable cases. — SeeTable VIII. 

Wrought iron rails have yet, had but an imperfect 
trial ; we expect they will be found of short dura- 
tion ; and in consequence of knowing that wrought 
iron, exposed in a similar manner to the action of 
moisture, does decay very rapidly. If a wrought 
iron rail- way has to be renewed entirely every 15 or 
16 years, its expense must be more than comment 
surate to its advantages. We have inquired re- 
specting the probable duration of wrought iron rails, 
and have had many opinions, but not a fact worth 

• When w is the weight on one whec^l m tonS| 6 the length 
froni suppqrt to support, in feet, end 6 and d the breadth and depth 14 

iniphes, we have ^ ^ dS*(8ee Tredgold on Iron, art- 107, 

or tJ*36 v> i:s:bd^ : and when w 1 ton, by our proportion 
above settled, h zz consequently >/ 3*2 / zi; d. 
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mamtihhug. The proeeM of 4eom&pM^tiOR ii wa- 
doubtedly lAow, bot constant; and b^te potting 
do^ 40 or 50 miles of road with this mateviat, 
there should be clear evidenee of the tame it is likely 
to last. There can be no question respeetia^ the 
superiority of wrought iron for roads, where it is 
proposed that the carriages should go at a rate 
exceeding 3 miles an hour, if it be found that the 
duration is not so limited as to render tiiem too ex> 
pensive; for a broken mil would, most probably, 
ctdfoe a serious accident to a carriage in rapid motion. 
And in a road formed with cast iron rails, the rails 
must be exceedingly strong to guqrd against the 
risk of such accidents. 

But, in order to prevent the tiltplacement of a 
broken rail, ui situations where this accident is likely 
to happen, there should be a continued paving below 
the rail, and it should be also retained in its place 
by a surfoee paving on each side of the rails. The 
crossings of roads, streets, &cgtK ought in all cases to 
be secured by these means. 

The mode of forming the road for the reception of 
the rails must depend irpon the nature of the ground. 
Where the ground is firm, it will be sufficient 1)o 
remove the surface soil, and form the road to its 
proper inclination or level, as tiie case may be ; and 
where the distances of the supports do not exceed 
about 3 or 4 feet, a continued trench, of about 2 feet 
wide and 10 inches deep, should be formed under 
each tine of rail, with lateral of cross stone drains at 
a greater depth and suitable distimce apmrt, for 
keeping the road, dry : the cross drains having a 
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doseeiititt tlieiiio8t i^vourable direction for taking <df 
■■theater, and land springs, if there be any. 

J be trenches under the lines of rails should be 
i with small broken stone, or, in default stone, 
with good gravel ; giving the preference to hard 
stone broken as for roads, where it can be pro- 
cured. 

This being done in a proper mo.nner, it would be 
an advantage to pass a heavy roller over the road 
before proceeding to.set die blocks of stone, called 
sleepers, for supporting the rails. The blocksttof 
stone should have a tolerably even base of about 
16 inches square, and larger where a greater stress 
will be allowed than 1 ton on a wheel. The thick- 
ness about half the base. The place for each block 
should be rammed firm, and they should be bedded 
with fine gravel or coarse san^ ; using no more than 
is necessary to give each stone a firm and even 
bearing. As the goodness of the road depends much 
on the mode of bedding the stones, and on the 
accuracy of their adjustment, this part of the work 
must be carefully attended to. The chairs and rails 
being fixed to the stones, the horse path and other 
paths may be formed of such materials as the dis- 
trict affords; but it would be desirabl<- to make them 
firm and solid, because they contribute to the firm- 
ness of the blocks and rails 
In softer ground it will be necessary to form 
deeper and wider trenches, and to fill them by 
Btrata of broken stone, each stratum being about 7 
or 8 inches in depth, and rammed to render it solid. 
And sirailar precautions will be necessary where the 
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bottom is cky, because clay is so lasQch-affeetecl.by' 
dry and by wet weather. * ' 

If longer rails be employed, and in some instahces 
the difficulty of obtaining a sound bottom will render 
this a good expedient, the best mode would be to 
build walls across the road at die proper distances 
for supporting t'u ’•ails. Now, it is obirious, that if 
any support be incapable of sustaining half the 
weight of the waggon without injury, it is insufficient 
for the purpose; consequently, if the supports be 
evdr so numerous, the same degree of firimiess 
becomes necessary as if they were at a great dis- 
tance apart. Hence, there is a length for the rails 
which is more economical than any other, for the 
rail becomes too expensive if it b6 longer than this 
length, and the supports become too expensive if it 
be shorter. The expense of one support being 
known, the proper length for the rails is easily 
calculated by an equation in the Practical Essay on 
the Strength of lion ;* we need not repeat the 
demonstration hero, but will give the rule in words, 
and an cxamph 

Rule for the vlconomical Length for Rails of 
Rail-Roads . — The pnce of a ton of iron delivered tm 
the rail-»’oad nast b. known, and also the price of 
the chair, ston^•^, and sp*ting of one support. Then, 
divide the price of a ton of iron by the price of one sup- 
port, being both ip pounds ; square the quotient and 
multiply it into the breadth of the rail in inches, and 
this product by one-twentieth part of die weight of 

* See Tredgold on Sfanength of Iron, p. 176, note, secimd ediUoii. 
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tbe loaded waggtHi in iSs., and extaact the qube root 
of the last product. 

, Divide 700 by the cube root, and the result will 
be tbe distance between the supports in feet. 

Examj ^. — Suppose the price of a ton of iron, cast 
in rails and delivered, to be £14, and tbe expense of 
a support, for both materials and fixing, to be £0'2, 
the breadth of tbe upper edge of the rail 2 inches, 
and the weight of a loaded waggon 9000 lbs. 

Then, = 70, a^^d the square of 70 is 4,900. 

Also, 4900 X 2 X ^ =: 4,410,000. 

The root of 4,410,000 is 164, and 

= 44 feet, very nearly. 

Under these conditions, then, cast iron rails 4 feet 
3 inches long would be most economical for the 
rail-road. ^ 

But if, from the nature of the ground or other 
causes, the supports cost 8 shillings each, or £0'4, 
then, by resuming the calculation, it will be found 
that the best length for the rails is 6f feet. 

The paice of iron, the weight of the loaded waggon, 
and the breadth of the rail, will also affect the dis- 
tance cff the Buj^rts, and, consequently, the expense 
of the rail-way. 

We have not arranged the equaticm for wrought 
iron rails, but where it is required it may be easily 
dcme by ri^erence to the work above quoted. 

£v^ possible precaution should be .ad(q>ted for 
keeping rail-roads dry, both by proper drainage, by 
beatg exposed fredy to the sun and air, and by Uie 
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use of materials which do^not absorb and retain 
water. In respect to the latter, the rail-roads to 
mines- and collieries have advantages which will not 
be easily procured in other districts. Where wrought 
iron rails are tried, it will be found an advantage to 
bed round the rails with cinders, slag, or ashes, and 
to carefully tivoid having clay, marl, porous lime- 
stone, or argillaceous sandstone, in contact with the 
rails. 

In deep cutting the road will be almost constantly 
in shade ; and, consequently, will require more 
attention to free it from water by drainage. 

Embankments should be provided at proper dis- 
tances, with a species of vertical drain, of broken 
stone or other open matter, partly to distribute the 
wet through its mass so as to accelerate its settle- 
ment, and partly to k^pit from retaining more water 
than its due proportion ; if the materials be of a reten- 
tive kind, proper drains at the base oughu to be pro- 
vided, to prevent any accumulation of water. And 
where embankment is necessary, the rails should 
be put down in a temporary manner, till the ground 
has settled and acquired its permanent degree of 
solidity. 

When a considerable degree of curvature is given 
to a rail-road, the rails of the outer curve should 
have a slight rise to the middle of the curve, and the 
rails should be stronger in a lateral direction in both 
lines. The object of making a slight ascent to the 
middle of the curve of the outer rail, to counteract 
the tendency of the carriage to proteed in a straight 
direction, without its rubbing so forcibly against the 
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guides as we have obsen^ed in cases wl ^re roads 
have had a considerable curvature. Straight lines, 
ought to be obtained if possible ; but when it is 
determined to accomplish any object by means of a 
curved line, the rails should be cast or fbhned of the 
proper figure, as no combination of straight rails can 
be rendered free from angles, which both cause an 
irregular motion, and a great increase of lateral stress 
on the rails. 

To calculate the strength for tram-rails, they may 
be considered as a rectangle, and the strength found 
by that means,, the proper excess being gained by 
the disposal of the section in the best form for 
resistance. The rule for this case then, will be as 
follows : — 

Ruk . — Multiply 3 times the length of bearing in 
feet by the stress upon on|^ wheel in tons, and 
divide this product by the breadth in inches. The 
square roof of the quotient will be the depth of the 
rail in inches, supposing it to be a plate of uniform 
thickness. If this quantity of matter be put in the 
form shewn in fig. 19, Plate III., it will be suffi- 
ciently strong for the purpose. 

Example , — If the tram-rail is to be 4 inches wide 
and 3 feet long, and the stress on* each wheel is f of 
3x3x3 

a ton, then ^ — — = 1*69, and the square root 

of 1*69 is 1*3 inches. Therefore, a plate 4 inches 
wide, 3 feet long, and 1*3 inches thick, disposed in 
the form shewn in fig. 19, will be strong enough in 
this case, and its weight will be very nearly 50 lbs. 

Khils have been made much slighter than this, 
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and the consequence has been, that they have 
failed, and the roads been constantly out of order. 
If the rail were used in the state of a uniform plate, 
it would be just of that strength which renders the 
load incapable of producing permanent flexure, and 
by disposing the section in the form referred to, its 
strength will be about doubled. 
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Of Estimating the Expense of Rail- Roads — Animal 
Expense of Rail-Roads — Rate of Tonnage for Rail- 
Roads, Canals, and Common Roads, to Repay the 
Expenditure — Expense of Horse Power, of Steam 
Carriages, of Stationary T>igines, of Waggons ami 
Attendants — Expense of Conveyance by Horse Power 
by Rail-Roads, Canals and Common Roads, and by 
Stationary Engines on Rail- Roads — Relative ad- 
vantages of Rail- Roads, Canals, and Common Roads 
— Expense of Deep Cutting and Embankment, com- 
pared with Inclined Planes — Rules for determining 
the most Economical Depth of Cutting — Direct 
Inclined and Circuitous Level Lines compared. 


The expense of a rail-road involves many particulars 
which are difficult to include in an estimate ; hence, 
there must be some degree of uncertainty in such 
estimates ; but, perhaps a little systematic arrairge- 
ment of those items which usually occur, may assist 
in diminishing the quantity of the estimate which 
depends on probability. A still more important 
object directs our attention to this part of the sub- 
ject, it is, the means of comparing the value of 
different, modes of effecting the same end; or, 
whether a canal, a rail-road, or a turnpike, be best 
for a given trade. And, as in a work on a great scale. 
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where the capital is to be resumed by small pay* 
ments, more attention to method and real economy 
is necessary than in smailler concerns, the same 
mode of estimation applies to its parts. The success 
of such works depends entirely upon the facilities 
and tbe low rates of conveyance they offer to the 
public; consequently, every thing which tends to 
increase the one or to diminish the other, is worthy 
of attention. 

The first cost of a rail-road must be considered, 
then the annual expense, and the rates of tonnage 
that will be equivalent to it, supposing the probable 
tonnage to be ascertained. To the rate of tonnage 
thus found, the rates that will repay the expense of 
the moving power, and wear and tear of carriages, 
must be added, which will give the real rate of 
tonnage. 

If any given distance of rail-road has to be esti- 
mated, the expense of more or less of the following 
works will be required : — 

1. Expense of examination, surveys, and level- 
ing for the line of road ; planning and setting out the 
line, &c. ; and directing and, superintending the 
wwrk. 

2. Value of the land occupied by the road, or its 
cuttings and embankments^ passing places, fences 
and ditches, drains, &c. 

3. Expense of cutting, embanking, and levelling 
the ground for the road. 

4. Expense of ditches, drains, culverts, fences, 
and gates. 

6. Expense of bridges, tunnels, and retaining 
walls. 
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6. Expense of blocks for supporting the ra^ls, 
broken stone for bedding the blocks upon, and for 
horse path, gravel for foot paths, and ashes to bed 
lOund the rails ; including labour in fixing and eom-^ 
pleting the same. 

7. Expense of rails, chairs, pins, and fixing, 
including pointers and turn-out rails. 

8. Expense of erecting toll-houses, weighing ma- 

chines, turning wheels, transferring platforms, mile- 
stones, &c. ► 

9. Expense of erecting ergine houses and engines 
for inclined planes ; of chains or ropes and rollers ; 
regulating drums and brakes for ditto, including 
fixing, digging wells, and pumps: 

10. Expense of paving crossings, streets, &c. 

11. Amount of temporaiy damage to property in 
executing the work. 

The annual expense will be the next object of 
inquiry ; it is more uncertain than the first cost ; but 
it will consist in the following particular expenses : — 

1 . Interest on the first cost, proportioned to the 
probable success of the undertaking. 

2. Repairs to the rails, turning wheels, and plat- 
forms; including renewing, resetting, and keeping 
them in order. 

3. Repairs, and remaking paths, fences, gates, 
and bridges ; opening drains and ditches, &c. 

4. Repairs to buildings, and machinery of inclined 
planes. 

Expense of fuel for inclined plane ehgin^, and 
M p hdance. 

Principal engineer, assistants, toll collectws, 
clerks, &c. 
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; These ^ expenses vrhich are nearly independent 
of th^. fonn^e; that is, the variation of tonnage must 
he very coiwiderable to. render them more or less; 
and before we proceed to examine the expense of 
different species of moving power, it will be perhaps 
an, advantage to see what amount of carriage will be 
necessary to repay the capital expended on a rail* 
road, when its first cost is about the average to 
which rail-roads in different places may be expected 
to approximate. 

The average cost of a proper rail-road, with a 
double set of tracks, will not be less than £ 5,000 
per mile, when all the expenses in our list are 
included,* and the works are done in a efood and 
substantial manner. Now, if the risk of expending 
capital on rail-ways, including the time before a 
dividend can be made, be equivalent to the risk of 
expending it in canals, ‘(and we do not expect there 
will be a considerable difference,) the estimated 
return ought to be about i.‘8f per cent on the capital, 
the present rate of interest being assumed at 3^ per 
cent. Hence, the annual rent per mile, to repay 

the first cost, ought to be = £417 nearly. 

> « 

Mr. Chapman’s estimate for the rail-road from Newcastle to 
Carlisle, is £3,915 per mile ; £Uid with the improvements suggested 
by Mr. Jessop, it will, no doubt, cost very nearly the amount of our 
average estimate. It is stated in the Quarterly Review, No. 62, 
p. 363, that the general average of a number of rail-roads, (some 
tram-rails, others edge-rails, some of cast iron, others of wrought 
iron,) containing upwards of 500 miles, is as nearly as possible 
£4,000 per mile, idlowing them a double set of tracks; and the 
writer very justly remarks, that, from the imperfections of these old 
roads, we may extend the average to £5,000 per mile. 
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The repaare^ renewals, and o^er annual e 3 q>eBses 
in 2d, 3d, 4th, and 5th articles of the preceding list, 
wHI not average less than 5 per cent on the cost of 
those articles, and that cost may be estimated, near 
enough for our present purpose, at £2,000 per mde. 
Hence the annual expense will be £100 per mile. 
The expenses for collectors, clerks, &c. may be 
put at £40 per mile, making a total annual expense 
of 417 + 100 + 40 = £557 per mile. 

As the pence in a pound are 240, and thujjjForking 

days in a year 312, we ha\> . = 428 ; there- 

fore, at 1 penny per ton per mile, the daily tonnage 
must be 428 tons, besides the expense of moving, 
power; and if the tonnage be only half that quantity, 
or 214 tons, it must be 2 pence per ton per mile; 
and so of other proportions. 

The preceding example will afford some idea of 
the quantity of tonnage necessary to render a rail- 
way a profitable speculation ; and to make the extent 
of trade more easily understood, by using a measure 
as evident to the senses as possible, it will require 
142 waggons, carrying 3 tons each, to pass the 
whole length of the line every day, to pay the tolls 
at 1 penny per ton per mile; but only 71 waggons 
will be required to pay the tolls at 2 pence per 
ton per mile. 

Twopence per ton per mile ought to be the utmost 
that should be charged for tolls on the cost of a rail- 
way ; and therefore, wherever a greater quantity of 
tnonage than 200 tons per day cannot be estimated 
upon with tolerable certainty, there will be very 
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lUtie chance of a rail-way being a prc^taible sfie^u- 
latiOD. 

The average cost of a canal, under similaur ciicum- 
stances^ may be estimated at double the cost of a 
rail-way, or £10,000 per mile ;* and the repairs and 
expenses of attendance and management will be also 
greater than those of the rail-road ; consequently, 
that the tolls may not exceed ‘those of the rail-road, 
the tonnage per day must be nearly double, to pro- 
duce th^ame return for the capital expended, — the 
advantage of canals being entirely dependent on the 
quantity that can be moved by a given power : but 
we shall defer our comparison of this part of the sub- 
ject till we have estimated the expense of different 
kinds of moving powers. 

Hie first cost of a turnpike road, with 16 feet of 
well-made road in the middle, will, at an average, 
amount to about £1,600 per mile, including the 
expense of land ; and the annual repairs will amount 
to £100 per annum per mile, where the traffic is 
considerable. Now, allowing for no uncertainty of 
tolls, and supposing the money expended to be 
borrowed at 5 per cent, the loss of time in getting 
the road in a state fit to receive ‘ tolls being allowed 

* From a list of estimates for no fewer than 75 canals, including 
those of the greatest and least expense, a writer in the Quarterly 
Review, No. 62, p. 363, draws a general average of £7,946 per 
mile; but it is well known that ffiese works have rarely, if ever, 
been executed for the estimated expense; in many instances the 
cost has been double the estimate, as, for example, in the Coventry 
canfil, the Binumghsgn and Fazely, the Grand Trunk canal, and 
others. The Union canal cost £12,000 per mile, the Forth and 
Clyde, £12,400. 
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iOTt the ^ua] expense, including noanag^ent, wiU 
not be less than jC200 per annum per miL, Hence, 
the tonnage to defray this expense most be 

5= 154 tons per day, in order that the tolls 

may not exceed 1 penny per ton per mile. 

Therefore, it appears that a turnpike will, answer 
when the tonnage is only of that required for a 
rail-road, when -the tolls are the same per ton. The 
trade being 206 lons per day, the tolls ]||puld be 
3 farthings per ton per mile. 

These comparisons lead us to the next step in our 
inquiry, which is, the expense of diff.:rciit species of 
moving power. 

The relative expense of different moving powers 
for rail-ways is an interesting inquiry, and the same 
materials bein^, necessary to estimate the absolute 
expens ■ for any time or place, it is desirable to gpve 
some particulars to aid the researches of those who 
wish to make such comparative estimates. 

The annual expense of a horse depends on — 

1. The interest of purchase money. 

2. Decrease of value. 

3. Hazard of loss. 

4. Value of food. 

5. Harness, shoeing, and farriery. 

6. Rent of stabling. 

7. Expense of attendance. 

8. Contractor's profit. 

According to the avenge duration of a Rorse in a 
state fit for labour, of the description required on a 
rail-way, the first three items may be estimated at 
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one-fourth of the purchase money, ^e food, har- 
ness, shoeing, &c., included in 4th, 5th, and 6th, 
will most likely not exceed 40/. per annum, nor yet 
be much short of that amount ; and supposing one 
man to attend to two horses, this would add 
15/. 12^., if the man’s wages were 2s. per day. And 
at this rate, the labour of a horse of the value of 20/. 
would co.st 60/. 12 j. per year; or, since there are 
312 working days in the year, the daily expense 
would 1?^ 3.V. lo|d., or 186 farthings ; or, including 
the contractors profit, 216 farthings per day. 

But »^hc power of a horse is 125 lbs., when travel- 
ling at the rate of 3 miles per hour, and the day’s 
work 18 mile.s (p. Os'); th. refore, 18 x 125 = 22501bs. 
or near enough our purpose, | ton per mile when 
* 1 he carriages are deducted ; a^dwe have shewn that 
it is not probable that the moving power will draw 
more than 144 times its equivalent in weight, (p.98,) 
or 108 tons one mile : hence the expense of conveyance 
by horse power on a level rail-road will exceed one 
farthing per ton per mile, in the ratio ot 216 to 108, 
for power alone; or 2 farthings per ton per mile, 
may be calculated for horse power. 

The annual expense of a high pressure loco- 
motive engine or steam carriage, consists of — 

1 . The interest of the first eo.st. 

2. Decrease of value. 

3. Hazard of accidents. 

4. Value of coals and water. 

5. Renewals and repairs. 

6. Expense of attendance. 

7. Contractor’s profit. 
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It ii diificiHt to procure these particulars from the 
experience of those who employ engines : we will 
therefore annex, by way of example, such sums as 
we think likely to cover the expense. The first cost 
of the engine and its carriage may be stated at 60/, 
per horse power ; and its decrease of value and 
hazard, will render its annual expense about one- 
fifth of its first cost, or 10/. per annum per horse 
power. The expense of fuel and water, per day, 
will be not less than 1 \ bushels of coals |jer horse 
power, and 14 cubic feet .>f water (see p. 82) ; and 
taking the coals at Qd. jjer bushel, and the water 
and loading with fuel at3</., the annual expense will 
be 15/. 124 -. The renewals and repairs, at 20 per 
cent on the first cost, will be 10/., which is as little 
as can be expected to cover them. Attendance, 
suppose one man and one boy for each 6 horse 
engine, at G.y. per day, or I#, per day for each horse 
power, or 15/. 124'. per annum. Therefore, the 
total annual expense of one horse power, would be 
51/. 44. , or 158 farthings per day. This power is 
equal to 3,000 lbs., or 1‘- tons per mile, for the force 
of traction, or deducting the weight of the carriages 
1 ton per mile in one day, and 144 x 1 = 144 tons 
one mile on carriages ; which makes the expense of 
conveyance Tl farthings per ton per mile, or 1^ 
farthings per mile, including the contractor’s profit, 
with an addition for the ejxtra expense of the rail- 
road for the steam carriages. 

From these calculations it appears, that wherever 
the line of a rail-road does not extend to such a 
distance from collieries as to increase the price of 
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coals, equal in quality to Newcastle coals, to more 
than an average price of Qd. per bushel, or 13^. 
per ton, the loco-motive steam carriage is \ less 
expensive than horse power. But it is assumed in 
these calculations that bushels of coal is to pro- 
duce the same eftect per day, as the elementary 
horse power ; and consequently, that the engines are 
superior to those now in use ; also, that the waste 
steam is applied to warm the water for the boiler, so 
as to *^ender the road-side boilers unnecessary.* 
See p. 81. 

When the steam is made to act expansively, a 
greater effect will be obtained by the same quantity 

The coal required to produce a useful effect of 144 tons one 
mile, according to our estimate, is 1^ bushels, or 126 lbs. ; that is, 
0*875 lbs. per ton per mile; sind as some experiments have been 
made on this subject, we ought to compare them. In an experi- 
ment made at Killingworth colliery, on the 17th of January, 1825, 
12 wE^gons, carrying 54cwt. each, were drawn 2J miles in 40 
minutes, by a loco-motive engine which consumed 4J pecks of coals 
to produce this effoxt. Tlie Newcastle peck of coals is 34 Jibs., but 
we will suppose this to have been the common peck of 21 lbs. ; then 
the quantity of coals will be 94 J lbs., and the effect 32*4 tons, moved 
2J miles, is equivalent to 81 tons moved one mile, or I *17 lbs. of 
coal were required to move one ton one mile ; in addition to this, the 
boiler was supplied with hot water. 

In a second trial, 8 waggons, containing 21*6 tons of coal, were 
conveyed 2J miles by 4 pecks of coal, in 36 minutes, which is equi- 
valent to one ton conveyed one mile by 1*55 lbs. of coal. 

In the third trial, 6 waggons, containing 16*2 tons of coal, were 
conveyed 2J miles in 32 minutes, by 5 pecks of coal, which is equi- 
valent to one ton conveyed one mile by 2*6 lbs. of coal. 

The mean of the three trials is 1*74 lbs. The irregularity has 
obviously been occasioned by the state of the steam, it being strong 
at the commencement of Ihe experiments, and exhausted in the 
following ones. The waggons ascended I J miles up a rise of I in 
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of coal ; but in that case lai^fer cylinders >wilLbe 
^ required. i - 

4%:e annual expense of impelling carriages by low 
pressure steam engines moving endless chains, will 
consist of*-~ 

1. Ibe interest on the first cost of the engine, 
engine' buildii^, wells, reservoirs, pumps, and land 
for erecting them upon, chains, rollers, standards, 
drmns, and other machinery. 

2. '.' The decrease of value by wear and tear, aiul 
insurance. 

3. The expense of rmiewals and repairs. 

4. Fuel and water. 

793, and descended again down the same plane ; and, therefore, the 
mean effect would be nearly the same as for a level plane. 

The result of these trials led us to state, (in p. 82,) that on the 
Newcastle rail-roads, about 3 bushels of coals would be consumed to 
produce the effect called a horse power in engine calculations. A 
more recent trial shews that they can do with less ; for in an experi- 
ment tried on the 22d of January, 1825, at Killingworth, it appears 
that 12 waggons, containing 33| tons of coals, were drawn 9J miles 
by a steam carriage which consumed 360 lbs. of coal to produce this 
effect. Now, 33| x 9} =: 320-^ tons drawn one ' mile ; and 

l^lbs. per ton per mile, very nearly; which exceeds the 

proportion in onr calculation neSwly J of a lb. per ton per mile. The 
enfpnee and roads had been in use several ymts, excepting a small 
part where the road was formed with malleable iron rails, in passing 
over vdiich, the cairiage acquired more speed ; but as a rail-road 
must laat several years to be of any use to the public, its state may 
be taken lUS a fair enough average; for in other respects it was un- 
doubtedly an experiment to shew the subject in its mpst favoarabk 
light. It would have been. more to our purpoM to have seen a 
statement of the actual quantity of coals consumed in a month, and 
df (kmls cairried in the same time to a specified distance 

from the pit. 
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5, Expi^se oi attendance. 

6. Contractor’s profit. 

This mode of applying power is evidentily limited 
to the case where the traffic is considerable ; and it 
ought to be estimated by the expense of the <wlMde 
line in the same manner as the expense of the rail- 
way itself ; but without estimating to a design for 
a rail-way, with this kind of moving power, we could 
not arrive at an accurate result ; it will, however, 
approach very nearly to f of the annual expense of 
the rail- way itself. Therefore, whatever rate of toll 
is found necessary to cover the expense of the rail- 
way, it will require an addition of ^ to pay the 
expense of the moving power, when the tonnage is 
428 tons per day, or farthings per ton per mile. 

There yet remains another expense to be con- 
sidered before we have all which must be paid by 
the transit of goods, and this is, tlie expense of 
carriages and of attendants, where either loco- 
motive or stationary engines are employed. 

The first cost of carriages will be, at an average, 
about 10/. per ton, and stating the repairs and 
renewals at one pound per ton per annum, the 
annual cost will be about 21. per ton, or 7 farthings 
per day for each^ton, including profit. 

If one attendant be allowed to each carriage, or 
set of carriages, which conveys 6 tons, the expense 
per day at 2s. Ad., is— 

112 forthings.' 

Expense of carriages 6x7= 42 

Totsd expense per day 154,or2GfarUungsper 

ton, nearly. 
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We are now in a state to compare the different 
kinds of power and expense of conveyance on the 
average estimates, in order to shew the mode of 
managing more accurate ones, when made for par-^ 
ticular lines of road. 

Ea^peme of Conveyance by Horse Power . — We have 
found the expense of a horse and attendance to be 
216 farthings per day, and the expense of a waggon, 
to convey 6 tons, will be 42 farthings per day, 
making a total of 258 farthings ; and the day’s work 
being 18 miles, when the '-ate is 3 miles per hour, 
and the stress on the traces 125 lbs., it will be equi- 
valent to 6 X 18 = 108 tons, drawn one mile, and 
258 

= 2‘4 farthings per ton per mile. 

And where the estimated traffic is 428 tons per 
day, we have found that the toll, to pay the expense 
of tlie rail-road, must be 4 farthings per ton per mile ; 
hence, the total expense of conveyance in such a 
case will be 6*4 farthings per ton per mile. 

If the estimated trade be 200 tons per day, it will 
be 10’4 farthings per ton per mile ; but if the traffic 
be 856 tons per day, the toll to pay the expense of 
the rail-road would be only 2 farthings, or the total 
expense of conveyance cnly 4 '4 farthings per ton 
per mile, or perhaps we may st^ 5 farthings, to 
cover the increased wear and tear. 

The cost of a canal for a trade of 856 tons per day, 
would rende^r the expense of conveyance 1 penny per 
ton per mile, for tolls (p. 143.) And the day’s work of a 
horse being about 22 tons, drawn 23 miles,* or 506 

* Smeaton Btates that 23 tons burden, at from 2 to 2j miles per 
hour, is the work of a horse on a canal (see Reports, voK i, p. 145 
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216 

tons drawn one mile ; we have = 0*427, making 

the rate 4*427 farthings per ton per mile, without 
including additional attendance, or wear, tear, and 
expense of boats. And we may from these calcula- 
tions infer, that where the trade is less than 1,000 
tons per day, canal conveyance is more expensive 
than that by rail- roads, even when horse power is 
employed, with the disadvantage of a slower rate of 
travelling. 

On a turnpike road the greatest Uvseful eflFect will 
not average more than f of a ton, drawn 18 miles by 
one horse in a day ; or 13*5 tons drawn one mile ; 
and taking the expense of a horse and attendance at 
216 farthi/igs, and 7 farthings for a cart, we have 
223 

= 16,^ farthings per ton per mile, for expense of 
power and attendance. 

Where the amount of the trade is 206 tons per 
day, there will be 3 farthings to add for tolls, (p. 143,) 
making 19,’- farthings, or very nearly 5f/. per ton per 
mile, or nearly double the expense of conveyance 
on a rail-road for the same trade. 

When the trade is not more than 100 tons per 
day, the expense of carriage dn a rail-road is nearly 
the same as on turnpike, while on the latter there 

and 168.) And Mr. Be van has informed U8, that the horses on the 
Grand Junction Canal usually travel 26 miles per day, and draw a 
boat containing about 24 tons, at the rate of about 2*45 miles per 
hour ; the empty boat being nearly nine tons, the total mass moved 
is about 33 tons ; and the average force of traction he found to be 
only 80 lbs. 
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is a convenience of delivering goods to any situa 
tion which cannot be obtained by a rail-road. 

Ejifense of Conveyance, by Steam Carnages. 
are of opinion that the rate for these carriages ought 
not to exceed 6 miles per hour, or 60 miles per day ;■ 
at which rate the expense of attendance and carriages 

26 

will be 26 farthings per ton for 60 miles, or ^='433 

farthings per ton per mile. This, added to 1'333 
farthings for the steam carriage, its attendants, and 
fuel, makes the total expense 1’766 farthings per 
ton per mile, or nearly ^ of the expense of horse 
power ; bu+ if the horses were to travel at the same 
velocity, the expense would be only -J of the expense 
of horse power. To these the tolls of the rail-road 
are to be added, which are nearly the same whatever 
species of power be employed. 

Expense of Conveyance by Stationary Engines . — 
The expense of this species of power will be very 
nearly the same as for steam carriages at the same 
velocities ; by following the same steps, we find it 
1*683 farthings per ton per mile. 

In either case, when the tonnage is above 800 
tons per day, the total expense of tolls, carriages, 
and moving power, is less than 1 penny per ton per 
mile, which is less than the tolls a|||e of a canal for 
the same trade, when the profits to the adventurers 
are the same in both cases. And unless it be in 
districts extjremely favourable for the construction of 
a canal at a small expense, the rail-road will be the 
cheaper mode of conveyance whenever the daily 
tonnage is less than about 15 or 1600 tons. 
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But, when it is recollected that on a rail^road 
goods may be propelled with more than twice the 
velocity that can be obtained on a canal, and with- 
out increasing the expense of conveyance, we think 
it must rarely be considered advisable to cut a 
canal, in preference to making a rail-road. And if 
similar modes of computation had been applied to 
canals, the instances of unprofitable and losing spe- 
culations would have been less frequent. 

Having shewn the relative expense of different 
modes of conveyance for goods, and the extent of 
trade to which each method is applicable, our next 
inquiry may be directed, with some prospect of use, 
to ascertain what length of rail-road is likely to be 
productive. When a load is to be transferred from 
one carriage to another, we cannot allow less than 
about 3d. per ton for each change ; and in the case 
of coals or other like articles, we would recommend 
that they should be loaded in boxes similar to those 
now used for containing the loading of the coal keels 
in the Wear; one of the bqxes to contain the load of a 
single-horse cart, and of a size suited for being taken 
to its destination by one. The . transfer would be 
then very expeditiously effected by a proper crane, 
and without inju^ to the coals or other goods. 

The expense w conveyance by a common road 
beingf* 5d. per ton ' per mile, and by a rail-road 
suppose 2d., hence, it is obvious that no advantage 
whatever can be gained by a rail-road ohly 2 miles 
in length, when the goods have to be transferred to 
send them to their respective destinations ; and the 
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expenses and inconvenience of such a mode of con- 
veyance will probably render a length of 5 or 6 
miles of very little value for general trade. 

As inclined planes are not only an inconvenient, 
but an expensive mode of passing over a ridge or a 
valley, it is an important part of the theory of rail- 
roads to shew what degree of cutting or embankment 
will be compensated by lowering the ridge. 

The loss from ascending and descending by in- 
clined planes, arises from two circumstances: the 
one is an actual increase >f length of line ; the other 
is the loss of power by friction, preponderance, and 
expense of attendance. 

Let the loss for preponderance be and the 
angle of inclination to which the plane may be re- 
duced, be denoted by i; the angle in the natural 
state being h. Also, let F be the resistance of the 
carriages when the total load is 1 tons on the level 
rails, or an effective load of one ton. 

Then, the jwwer on the level rails will be to the 
loss of power in tons per*mile, by the ascent, when 
the length of the base of the ascent is I yards, as 


1760 : F sin. A 

C 08 . A 


I f F sin. A 
1760 cos. A 


I f F tan. A 
1760 


And when the descent is the same, the power lost on 
the descent will be o. By the safife means, the loss 
of power on the inclination i, is found to be 

“ Consequently, the reduction of loss by 


reducing the inclination to any angle i, is - j^^(tan. A. 
— tan. i.) 
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If a repisesent the annual produce of the carriage 
of one ton qne mile, then the annual loss by the 

I f’ Y a 

ascent and descent is (tan. h — tan. i.) 

To find the annual expense of tlie additional 
length of rail-road, put E = the expense per mile ; 

and — the annual rent that will repay that expendi* 

ture of capital ; then, (sec. h — sec. i) = the 
annual value of the increased length of road ; which 


is equal 


I E /cos. i — cos. h\ 
880/) Vcos. h X cos. i/ * 


Hence, the total annual loss is 


-g^J^/'Fa(tan.A 


tan. i) + 


E /cos. i — cos. > 
p Vcos. h X cos. i) S * 


Now, in order that no excess of expense should be 
incurred by cutting or embanking, the interest of the 
capital expended in such works ought not to exceed 
the above sum. 

The expense of moving ground is measured by the 
cubic yard, and / in the preceding equation is the 
length of half the base line in yards. But b — the 
breadth in yards, c the cost of moving one yard in 
fractions of a pound, and n = the base of the slope, 
on each side of the road, when its height is unity. 

The cutting owembanking on each inclination will 
be composed of a wedge-formed solid, and two 
triangfular pyramids, and the content of the two 
wedge-formed solids will be b (tan. h — tan. t) 
cubic yards. 

And the content of the four pyramids 


4 nl 


{l (tan. h — tan. f))* cubic yards. 
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The sum of the quantities by the interest is 

b (tan. h — tan. i) + 4 « / (tan.*A ~ tan. i)®. | 

Hence, that there may be no loss by cutting or 
embanking, we must have 

b (tan. A — tan. i) + 4 n I (tan. h — tan. i)*| — 

Fa(tan.A-tan.O+y(^^^-^) J. 

If we sub.stitute </, Hhe depth of cutting at the 
summit, for its equal, I (tan. h — tan. i); we have 

I c ( ^ 1 . lot /cos.i— cob.A\ 

■—\Zbd + 4nd^> = ./Fad + ( r ■). 

3p I S '' V \cos.Axoo8.t/ 

880 

When the rails are level at the reduced inclination, 
then cos. s' = 1 ; and we shall not commit a material 
error by making it 1 for all cases; and by that 
means we free the unknown element of the equation 
from its involved state, and have 
A - y E 0 - cos- b) /3 6 ~ pf F a \ « _ 3 b 
~ 1173 cn cos. A \8n 4963 Icn/ 8 ^ 

p/Fa 
4963 I c n' 

When F = ^ of 4 = -rJ-e; f = p - 25, 
« = 1 ; b — % yards, E = £2,500; a — £700; and 
- , , y340(l - cos. h) (31- 1-3)* 

c = ^; we kave^— + '—^ 

j — = d, the depth of cutting ; or near enough 

for use, where the length of inclination is consider- 
able.* 


,-340 (1 - cos. A) (31-1-3)* 
cos. A P " 


* The general equation may alao be reduced to 


V E(l--cos.^) 
1173cnooB.fc ^ 
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•V“»<'-^*)+9-3 = rf. 

COS. h 

In this equation, cos. h, is the cosine of the angle of 
the natural slope of the ground, and d the depth of 
cutting at the summit in yards. 

It will readily appear hrom these equations that it 
is much less expensive to nearly follow the undula^l^, 
tions of the surface, than to make either deep cutting 
or embankment beyond thoae limits, which are 
easily determined by half an hour’s labour, in apply- 
ing the equations to the case under consideration. 
We have inserted numbers and shewn how to 


reduce it to the case of a road of average expense ; 
and if a few examples be added, it will assist in 
removing those extravagant notions respecting 
cutting and embanking, which sink the capital of the 
country in unprofitable speculation. Excessive first 
cost renders a project ruinous to the proprietors ; it 
creates a temporary demand for labour which is in- 
jurious to the country, while it diminishes the quan- 
tity of permanent employment. 

Example I . — In a case where the line of a rail- 
road crosses a ridge of which the natural ascent is at 
an angle of 5 degrees, required- the depth of cutting 
at the summit, and of embankment in the valley, 
which will not increase the rate of tonnage on the 
rail-road. 


By a table of natural sines, the cosine of 5 degrees 
will be found to be 0'99619 ; therefore, 

_ 3 = 0-2 yari.. ThU 

shews that it is more economical to employ a greater 
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power, than to alter the ascent more than 0'2 yards, 
or about inches. 

Example II . — If the natural rise of the ground be 
at an angle of 12 degrees, then, cos. 12° = 0*97815 


j > 3 , 40(1 - 0 - 97815 ) n o i j 

+ 9 - 3 = 1*06 yards. 


^ Example III . — If the natural inclination of a ridge 
be 45 degrees, then, cos. 45° = 0*7071, and 


'340 ( 1 - 0 - 7071 ) 
0-7071 


3 = 9*2 yards, or nearly 


9^ yards for the quantity the ridge may be lowered 
at the summit ; and of .‘ourse the valley would be 
equally raised by moving the materials. Deep, 
cutting must therefore be attended with very con- 
siderable additional expense, where it exceeds these 
proportions ; they are independent of the length of 
cutting, because the extra expense in either mode is 
proportional to tha length. In these calculations we 
have omitted to calculate for the extra quantity of 
ground required for deep cutting and embanking, 
and we have allowed \^d. per cubic yard for cutting, 
and the same price for embanking ; making the total 
expense of moving the ground 3rf. per cubic yard. 
This mode of dividing the price is adopted for the 
application to the equation. Where the expense of 
moving the ground is different, a greater or less 
depth of cutting may be necessary, according as the 
price is less or more than the one we have calculated 


upon. 

In some cases it will be possible to avoid inclina- 
tions by a circuitous level road. To ascertain the 
increase of distance which will be equivalent to 
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passing the inclinations, we may resume the equa* 
tion in p. 155, making/ the total length of inclinatkRi 
in miles; /' = the loss of power on the inclined 
planes; F = moving force per ton added to the 
weight of the carriage ; a — the annual produce of 

( E 

— must be equal a in this case;) 

h — the angle of inclination of the road on the 
inclination; and L = the additional distance in 
miles by the circuitous line. Then, 

L « = / J F a tan. h + a {~^) } 
or, / {^ / F tan. h + } = L. 


If we have a case where F = P ^ 25, 

and a — i-700, the equation becomes 

. ( till), h 1 — cos. h\ 1 

V 43'2 cos. h / ~ 

E.ramplc,—\n a line of road where the length of 
the base of the inclined rails is 6 miles, and the angle 
of inclination 12 degrees, to find the increased dis- 
tance by a circuitous level road that would render 
the expense of the two lines equal. 

In this example / = G, and A = 12° ; hence, 


of a mile, or about Vr P^^t of th<? distance. If a 
level road, not exceeding this increase of distance, 
could be obtained under the circumstances described 
in the example, it ought to be preferred, provided it 
does not deviate much from a straight line. Other 
cases may be calculated in a similar manner. 

We have ndw, we trust, considered some of the 
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most important points in the theory and construc- 
tion of rail -roads ; and if we have not found reason 
to agree with others who have treated the subject, 
either in estimating the expense of conveyance or 
its rapidity, still we agree with them in considering 
the rail-road an important link in the system of land 
leonveyance, and one which the increased trade of 
this country must, sooner or later, bring into exten- 
sive use. 

It is too true, that the introduction of a new and 
useful improvement alw' /s is attended with loss 
and inconvenience to those who have an interest in 
the methods before in use ; but, though we may 
lament that such a concomitant evil should attend 
the progress of discovery, it would be absurd to 
allow it to operate in retarding the adoption of any 
improvement from which there will result a national 
benefit. That spnit which rejects improvement 
from interested motives, ought not to exist in a 
civilised nation ; and ' certainly it should have 
neither protection nor encourageme#. The encou- 
ragement ought rather to be giyeii to those whose 
private interest is to promote the public good. 
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Table of the Power of Steam in High Pressure £n^fs , 
— Table of the Power of Steam in Condensing Engines 
— Table of the quantity of Coal equivalent to a Horqe 
Power in High Pressure and in Condensing Steam 
Engines — -Table of the Effect of a given Power on 
Canals, Rail- Ways, and Turnpike- Roads — Table of 
the Maximum Day's Work of a Horse on Canals, on 
Rail -Ways, and on Turnpike- Reads — Tables of the 
Strength and Weight of Rails fur Rail - Ways — Table 
of the Weight and Bulk of Goods, M^incrals, 8^c. ■ 


TABLE I. 

Maximum Votcer <f the Steam of a^CuOic Foot of Water, in 
High Pressure Steam Ungines. 


I 

m 

U3 

If 

Maximmuj^ Mechanical Power of the 
Steam tii a' Cubic foot of Water, 
in llM. raised one foot high. 

Ptoportioaof the 
stroke to cut off 
the Steam to ob- 
tain the Maximum 
by expanskm. 

Pounds of 
Newcastle Coal 
to convert 1 cubic 
foot of Water 
into Steam. 

When working at 
>/uU piewure. 

Acting cxpanaively. 


inches. 

lbs. 

lbs. 

lbs. 


lbs. 

220° 

35 

2*5 

negative. 

negative. 


8-5 

234J 

45 

7-4 

287,000 



8-67 

251 

60 

14-8 

864,000 

985,000 

i 

8*87 

275 

90 

29-7 

1,495,000 

1,927,000 

li 

9-16 

292-8 

120 

44-5 

1,830,000 

2,540,000 

i 

9-37 

307-7 

150 

59.3 

2,054,000 

2,988,000 

A 

9-55 

320-2 

180 

74-2 

2,202,000 

3,326,000 

~h 

9-7 

343-6 

240 

104 

* 2,444,000 

3,832,000 

3 

9-98 


M 
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Table I. — The first table shews the whole power of 
the steam of a cubic foot of water, when generated 
at different temperatures, in pounds raised one foot 
high, acting in a high pressure engine. The 6th 
column shews what proportion of the stroke the 
piston should work at full pressure, to obtmn the 
maximum power by working expansively. But to 
obtain the greatest useful effect, the full pressure 
will require to be continued longer ; and to an extent 
vV'hich depends on the quantity of friction of the ad> 
ditional machinery necessary to produce the useful 
effect. An engine ought to be made so that the 
communication between *the cylinder and boiler 
could be cut off at any part of the stroke, from the 
one given in the table to full pressure, at the 
pleasure of the attendant, or according to the stress 
on the engine ; ^|rtead of the usu .1 method of 
straightening the steam passage by thit bungling 
contrivance* which has be^ very properly termed a 
throttle valve. It ought to be clearly understood, 
that every thing which interrupts t^ pass^e of the 
steam to the cylinder wastes its power ; theory had 
rendeired us aware of this circumstance (see p. 83); 
but a valve of the kind we propose, has been used 
for some time, and we«* understand it to be the inven- 
tion of Mr. Joshua Field. The force of the steam 
at different temperatures was taken from Mr. P,. 
Taylor’s table;* the powen^was calculated by the 
rules, p. 79 ; and the quantity of fuel by tl^ rule, 
p. 78. 

Philos. Mag. vol. Ix. p. 452. 
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TABLE II. 

Maximum Power of the Steam of a Cubic Foot of Water, in a 
Condensing Steam Engim. 



cli- ' 

sal 

hladvutkiM of tbe . 

Steam »f a cultir foot of Water. 



p 

lit 

In ItM. raised one foot high. 

I'lil 


w 

When working at 
full prauura 

Acting eapankivdy. 

.. 

ll^li 

og 

illjl 


inches. 

lbs. 

lbs. 

lbs. 


lbs. 

220° 

35 


2,134,000 

3,350,000 

4 

TT 

8*5 

1134-6 

45 

7-4 

2,230,000 

3,636,000 

If 

8*67 

551 

60 

14-8 

2, .366,000 

3,961,000 


8-87 

275 

90 

29*7 


4,379,000 


9*16 

292*8 

120 

44*5 


4,590,000" 

t 

T 

9*37 ; 

307*7 

150 

59*3 


4,819,000 

I 0 

36 

9*55 

320-2 

180 

74*2 


4,932,000 

3 

T I 

9*7 

343*6 

240 

Tv! 

104* 


5,1^,000 

4 

T5- 

9*98 


Table II. — ^This table^*hews the same things for 
the condensing steam engine ; and the same remarks 
respecting the ^fanner and point where the steam 
should be cut off, apply to this engine : only it is 
necessary to add, that for a condensing engine to 
work with effect, either expansively or otherwise, 
the quantity of injection water should be proportioned 
to the quantity of steam to be condensed : most of 
the figures we have seen described, by the little 
instrument called the indicator shew, that when the 
engine ^ working at fiill pressure, either the injec- 
tion or the air pump is deficient. If tlie regulation 
of the injection and stroke of the air pump were per- 
fect, the lines indicating the rarefaction in the cylin- 
der ought to coincide. 
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In either species of engine, if the steam be cut off 
at an earlier part of the stroke than that we have 
given, the piston will have to be dragged a. part df 
the stroke by the fly wheel or its equivalent. 

Table II. was calculated by the rules, p. 91 and 
p. 78. 

It is worthy of remark that our table gives of 
the stroke as the proper point to cut it off the steam 
when it is worked at 343 degrees, or 8 atmospheres ; 
therefore, in a Woolf’s engine for this temperature, 
the second cylinder should be about 4 times the 
capacity of the first; this we believe practice has 
informed them is the best proportion, and the pro- 
portions for%ther temperatures are found in like 
manner by the table. 


FABLE III. ^ 

Quantity of 'Coak equivalent tO/ the Horse Potoer ^’33,000/4*. 
raised one foot per minute in High Preswre SieatA Engines, 
when the greatest possible effect is obtai^fjj^ 


p ^ 

s| 

ll 

Hr 

Ilf 

III 

Quantity of Coal equiva- 
lent to a Hone Power. 

PeuBda raised one foot high 
equivalent to the immediate 
power of the Steam producad 
hy mibs. of Cod. 

When working 
at full 
prewure. 

Whpn acting 
expansively. 

When working at 
full pressure. 

When working 
expansively. 


inch. 

lbs. 

lbs. 


lbs. 

lbs. 

234-5“ 

45 

7-4 

480 

2,780,000 


251 


14*8 

163 

143 

8,200,000 

g,300,000 

275 

m 

29-7 

98 

77 

13,700,000 

17,700,000 

292-8 

126 : 

44-5 

' 82 

59 

16,600,000 

22,700,000 


160 

59*3 

74 

51 

18.000,000 

26,200,000 


180 

74-2 

70 

48 

19f200,000 

28,700,000 

343-6 • 

240 

104 

65 


20,500,000 

j 

32,200,000 
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Table III. — ^This table is formed from Table I., 
in the same manner as is shewn in the examples, 
p. 80, for the pounds of coal equivalent to the day’s 
work of a horse, of the steam engine or elementary 
horse power ; and the pounds raised one foot high by 
a bushel of 84 lbs. of coal, is also found by proportion 
from the first table, and it is the whole power of the 
engine. To obtain the useful effect, the friction of the 
additional parts necessary to produce that effect, 
must be deducted. 


TABLE IV. 


duantity of Coals equivalent to the Horse Power 33 , 000 /^ 4 '. 
raised one foot per minute in Condensing Steam Engines, 
when the greatest possible effect is obtained ■ 


Temperature of 
Steam. 

si 

If 

Hi 

hf 

'|S| 

Quantity of Coal equiva- 
lent to a Horse Power. 

^ 

Pounds raised one foot high 
equivalent to the Immeillate 
iK>wcr of the St<*arn uroduced 
uy B 4 lbs. of Coal, rf 

WhepwarkiDfl 
at full 
pressure. 

Whenwork^ 

expansively. 

When working at 
fuU press^. 

Whan working 
qj^nslvely. 


inches 

Iba. 

lbs. 

lbs. 

lbs. 

Jbs. 

220° 

35 

ma 

63i 

40i 

21 , 000,000 

33,100,000 

234*5 

45 

7‘4 

62 

384 

21,400,000 

35 , 200,000 

251 

60 

14*8 

60 

353 

22,400,000 

37,500,000 

275 

90 

29'7 


33I 


40,000,000 

292-8 

120 

44-5 


32| 

Ik 

^,000,000 

307-7 

150 

59-3 


32 


*,400,000 

320-2 

180 

74-2 




42,700,000 

343-6 

240 



31 


43,500,000 


' Table IV. — This table is formed from Table II';, 
in the same mannel^**l's Table III. is formed from 
,TabliI. 

Remarks on Tables III. and IV . — The columns 
shewing the pounds an engine ought to raise one 
foot high, by me heat of one bushel of coals, were 
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added, ctdeftj for the purpose of eomparfoon Mrith 
actual practke. Now, it is stated, tint after the 
most impartial examioatioo; for several years in sue’ 
cession, it was found that Woolfs ei^ine at WheaJ 
Abraham Mine, raised 44 millions of pounds of 
water, one foot high, with a bushel of coals.* And, 
“ the burning of one bushel of good Newcastle or 
Swansea coals, in Mr. Watt’s reciprocating engines, 
working more or less expansively, was found, by the 
accounts kept at the Cornish mines, to raise from 
24 to 32 millions of pounds of water one foot high ; 
the greater or less effect depending upon the state of 
the engine, its size, and rate of working, and the 
quality of the coal.”! 

We shall further add the results of half a year’s 
reports taken, without selection, from Messrs. Leans’ 
Monthly Reports on the work performed by the 
steam engines in Cdinwall, with each buslj^l of coals. 
The numbejs shew the pounds of water raised one 
foot high with each bushel, from Jan. to June, 1818.J 


22 to 25 Common Engines] 
avetage . r • . . 
Wheai Vor (Woolf’s 
I Enmne) .... 
Wheu Alura&am (ditto) 
Ditto (ditto) 

Wheal Unity (ditto) 

Dalcoath Et^ne . . 
Wheal AUraham En^e 
United Mines Engine . 
iTreakirbv Engine . . 
Wheal Chance Engine . 


January. 


Iba. raised 
OQ« foot. 
22,188,200 

30.834.000 

41.847.000 

27.942.000 

31.900.000 

42.822.000 

32.239.000 

38.396.000 

38.733.000 
28,496,000: 


Febmary. 


,000t30, 


nM.fAlsed 

oneibot. 

22.424.000 

26,158,000: 
»,W4,r 
j28,000,000l|! 

32.306.000 

41.354.000 

36.180.000 

31.830.000 

38.375.000 

32.319.000 


Iba-raihed 
one foot. 

121,898,0001 


Marob. 


29.811.000 
^,446,000 

26.978.000 


40.499.000 

138.718.000 




one foot. 

23.962.000 

26.064.000 
82,783,000.3 

23.626.000 


41,888,000 

^ 934,000 


31,427, 086m,664,000 
4f;867,009 41,823,000 
33,894,000,33,032,000 


Hay. 


Uii.iiUa.d 
one foot 


29,032,00(6: 

^1,620,000 

129,702,600 


38.233.000 

3.3.714.000 

33.967.000 
41, 823J100 40,615,000 


June. 


Ihi. raised 
one foot. 

|23,836,000 

1)0,336,000 

34.352.000 

34.846.000 


38.143.000 

34.291.000 

30.105.000 

42.098.000 

35.797.000 


* Millington's Natural and Experimental Philosophy, p. 346 . 

Watt's Notes on Robison’s Mech. Philosophy, vol. ii. p. 145 , 
I Philosophical Magazine, vol. U and lii. 
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These aumbers are less than the immediate power 
ol the engines, bjr die friction and loss of effect in 
wodcing the pomps; hence, in comparing them with 
our taMe, it will be evident that we have made our 
ealeahttions from such data that they can be realised 
in practice. We know, from our own experience, 
that a cubic foot of water can be converted into 
steam equal in force to the atmosphere, with 7 lbs. 
of Newcastle coal ; but we also know the attention 
necessary to produce that effect, and therefore have 
assumed that 8^ lbs. will be required for that pur- 
pose. Our object is to shew what is attainable, and 
what ought to be attained in practice. 


TABLE V. 

A Table shewing the Effects of a Power of 100 lbs., at different 
velocities, on Canals, Rail-Roads, ihid Turnpike-Roads. 


Velocity of Motion. 

LOAD SoVED BY A POWER OF KM) lbs. 

Mllci 

Feet per 

k On a Canal. 

On a Level Rall-way. 

thi a Level Turnpike, 
road. 

per hour. 

second. 

Total mass 
moved. 

Useful 

Ellbcu 

Total mass 
moved. 

Useful 

Effect. 

Total mass 
moved. 

Usefut 

Eflbct. 



lbs . 

lbs . 

lbs * 

lbs . 

Ihs. 

lbs . 

H 

3-68 



14,400 

10,800 

1,800 

1,350 

1,350 

3 

4-40 

27,361 

14,400 

10,800 

1,800 

3| 

5'13 


Piinum 

14,400 

10,800 

■Km 

1,3.50 

4 

rr86 

15,390 

14,400 

14,400 

10,800 

■K m 

1,3.50 

5 

7-33 

13,875 

9,850 

10,800 

■KiU 

1,350 

6 

8-80 

9,635 


14,400 

10,800 

■Kia 

1,350 

7 i 

10^26 



14,400 

10,800 

1,800 

1,350 

8 

11-73 

3,848 

14,400 

10,800 

1,800 

1,350 

9 ' 

13-20 


3,040 

14,400 

10.800 

BEiBl 

■KiBi 

1,350 

10 

14-66 

2,462 

14,400 

10,600 

1,350 

13-5 

19-9 



14,400 

10,800 

IBI 

1,350 
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Table V.<-^This table is to shew the work that ; 
may be performed by die same mechanical power, at 
di^rent velocities, on canals, rail-roads, and turn- 
pike-roads. Ascending and descending by locks on 
canals, may be consid^ed equivalent to the ascent 
and descent of inclinations on rail-roads and turnpike- 
roads. The load carried, added to the weight of 
the vessel or carriage which contains it, forms the 
total mass moved ; and the useful effect is the load. 
To find the effect on canals at different velocities, 
the effect of the given po ver at one velocity being 
known, it will be as 3' ; 2 ' 5 " : : 55,500 : 38,542. 
The mass moved being very nearly inversely as the 
square of the velocity. 

This table shews, that when the velocity is 6 miles 
per hour, it requires less power to obtain the same 
effect on a rail-way than on a canal ; and we have 
added the lower rai^ of figures to shew the velocity 
at which the efiect on a canal is only equal to that 
on a turnpike-road. By comparing the jx)wer and 
tonnage of steam vessels, it will be found that the 
rate of decrease of power by increase of velocity, is 
not very distant from the truth ; but we know that in 
a narrow canal the resistance increases in a more 
rapid ratio than as the square of the velocity : only, 
we have not time to spare to follow up the inquiry 
at this moment. Other tables of a similar kind have 
been published, and we find our column exhibiting 
the useful effect on canals nearly agrees with that 
of Mr. M., the ingenious author of a series of enays 
on the subject, which first appeared in the Scotsman; 
btll we differ respecting rail-ways, his being more in 
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favour of rail-roads. From Mr. Sylvester's table 
this differs very considerably : he has underrated the 
effect cm canals as much as he has overrated the 
effect on rail-ways and common roads. See Report 
on Rail-Roads, Liverpool, 1825. 


TABLE VI. 

A Table thetoing the Maximum Quantitif of iMbour a Horse 
of average strength is capable of performing, at different 
velocities, on Canals, Rail -Waps, and Turnpike-Roads. 


Velocity In 
Miles per 
Rour. 

Duration of 
the Da) *8 
Work at the 
preceding 
velocity. 

Force of 
Traction in 
IlM. 

Useful Kflbctof one Horse working one 
day« in tons drawn one mile. 

On a Canal. 

On a level 
Rail-way. 

On a gooil 
level Turn- 
pike-mad. 

Riifes. 

hours. 

lbs. 

tons. , 

tons. 

tons. 

n 

Ill 

83J 

520 

115 

14 

3 

8 

834 

243 

92 

12 

3J 


831 

153 

82 

10 

4 

H 

83‘ 

102 

72 

Km 

5 


83| 

52 

57 

mm 

G 

2 

834 

30 

48 

6-0 

7 

H 

831 

19 

41 

5-1 

8 

H 

83f 


36 

4'5 

9 

I’o 

83* 

9-0 

32 

40 

10 


834 

G*6 

28-8 

3-6 


Table VI. — In re-examining the table in p. 72, 
it was obvious that there is a maximum depending 
upon the duration of the day’s work, and on which is 
founded this table; and the investigation of the 
maximum is given in the next page. Where horse 
power is employed for the higher velocities, the 
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anidaals ought to be allowed to acquire ^ apeed as 
gradually as possiMe at the first starting. This 
simjde expedient will save the proprietors of the 
horses much more than they are aware of ; and it 
deserves their attention to consider the best mode of 
feeding and training horses for performing the work 
with the least injury to their animal powers. 

To compare our table with practice at the higher 
velocities, it will be necessary to have the total mass 
moved, which is one-third more than the useful 
effect in the table. Nov , the actual rate at which 
some of the quick coaches travel, is 10 miles an 
hour, the stages average about 9 miles ; and a coach 
with its load of luggage and passengers amounts to 
about 3 tons ; therefore, the average day’s work of 
4 coach horses is 27 tons drawn one mile, or 6| tons 
drawn one mile by one horse. The table gives 
3*6 tons, added ^ of 3-6 = 4*8 tons drawn one mile 
for the extreme quantity of labour for a horse at that 
speed, upon a good level road ; from which should 
be deducted the loss of effect in ascending hills, 
heavy roads, &c., which will make the actual labour 
performed by a coach horse average about double 
the maximum given by the table. The consequences 
are well known. 

According to Mr. Bevan’s observations, the horses 
on the Grand Junction Canal draw 617 tons one 
mile, at the velocity of 2*45 mites per hour. See 
p. 151. 

We have shewn (in p. 68) tha^ the imm^ate 
power of a horse is 250 t> (l — and, when the 
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weight of the vessel or carriage is to the wei^t of 
the load, as » : 1, we have ~"~v) = the ef- 


1 + n 


fective power ; and d being the hours the horse works 


in one day, the day’s work will be 


260 d 




1 + » 


in lbs. raised 1 mile, and 250 ^1 - = the force 

of traction in lbs. But if the force were immediately 

14-7 

applied, the value of V would be — ^ ; and to find 
the value when the waggons alone are moved, we 
have 1 : - - = V ; whence 


250 f ^ I V V (1 + ”) 
96 


) ; which 


14-7 

= d. Consequently, 
96 


the day’s work is -ftp— (l ” 

is a maximum when . 

when the velocity is given, we have 

duration of the day’s woric in horns ; and ^ = 

the effective day’s work; and 250 (l — = 83 » lbs. 

» 

But we may assume « to be always so near -J-, as not 

72 

to affect the result; and then, -—i- = d, and 


± die day’s work in lbs., or very nearly ^tons 

raised one mile. This being combined with the 
numhiers of the preceding table, gives the effect of a 
horse on canals, rail-roads, and tum[Hke-roads. 
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TABLE Vn. 


A Table of the Dimensions and Weight of Cast Iron Rails for 
Edge Rail -Roads. See p. 126 , Clmp. VII. 



Bt 


Total Load on each Wheel of the Carriagei in Tons. 


Ua 

|l 










Hi 


^ ton. 

1 ton. 

X ton. 

1| Urns. 

1^ tons. 

if tons. 

tons. 

2 tons. 

2| tons. 



Weight 

Weight 

Weight 

We ,;ht 

Weight 

Weight 

Weight 

Weight 

Wekht 




of Hall. 

of Rail. 

of • vl. 

ofllaU. 

of IiuL 

of Rail. 

i>f Rail. 

of Hall. 



lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

2 

H 

101 

15S 

21 

234 

264 

29 

311 

42 

.521 

3 

4 

194 

29 

381 

431 

48 

53 

.574 

77 

96i 


48 

244 

364 

49 

55 

614 

671 

73i 

98 

122J 

4 

48 

29| 

434 

59 

66 J 

74 

8 I 4 

88| 

118 

147J 

H 

n 

35 

.521 

70 

79 

88 

961 

105 

■fni 

175 

5 




82 

924 

103 

113 

123 

164 

205 

5 } 

H 



944 

107 

119 

131 

1424 

189^ 

237 

6 

H 



108 

122 

135 

148 

162 

216 

270 

7 

6 



1341 

152 

169 

186 

201 1 


336| 

8 

61 



1664 

187 

210 

230 

2494 

333 

4154 

9 

6| 



198 

223 

250 

275 

297 

396 

495 

10 

n 



232 

261 

290 

320 

348 

464 

580 



1 in. 

11 in. 

2 in. 

24 in. 

24 in. 

2| in. 

3 in. 

4 in. 

5 in. 



Brandth of upper Surface of the Roil in inches. * ' 


These dimensions and weights are given for ordi- 
nary purposes, but for important works the strength 
ought to be increased, so as to lessen the risk of 
failure from percussion, (see p. 127,) where the 
increase is proposed to be about one-third, and the 
addition is proposed to be made to the breadth, to 
give more lateral strength to the rail. The table 
will still serve the purpose of finding the weight and 
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depth for the rails, because it is only to consider the 
load on a wheel to be increased to one-third more, 
and take the corresponding strength for the rails. 
For carriages on springs and steam carriages, con- 
sider the stress on each wheel only two-thirds of the 
actual load upon it, which will be about an equivalent 
excess of strength for this case. 


TABLE VIII. 

A Table of the Dimensions and Weight of Malleable Iron 
Rails for Edge Rail-Roads, bee p, 130, Chap. VII, 


Distance be- 
tirtreen the sup- 
ports In feet. 

Depth of Rail 
in inches. 

Total Load on each Wheel of the Carriages In Tons. 

i ton. 

} ton. 

1 ton. 

tons. 

1^ tons. 

1| tons. 

14 tons. 

2 tons. 

24 tons. 

feet. 

2 

3 

H 

4 

H 

5 

H 

6 

7 

8 

9 

JO 

inch. 

H 

3 

H 

38 

H 

4 

44 

48 

4| 

5 

58 

5 g 

Wri«ht 
of llaiL 

lbs. 

6i 

12 

13J 

18.J 

224 

1 

Weight 
of iXiil. 

lbs. 

n 

18 

20J 

27j 

33i 

Weight 
of RaU. 

lbs. 
12 j 
24 
26| 
37 
44} 
51 

67 

85 

102 

123} 

143} 

Weight 
of Kail. 

lbs. 

Hi 

27 

304 

42 

50 

574 

C8 

75j 

96 

11.5 

140 

162 

Weight 
of lUU. 

lbs. 

16 

30 

334 

464 

56 

64 

7v5 

84 

107 

128 

154 

180 

Weight 
of Rail. 

lbs. 

17 

33 

37 

51 

614 

70 

824 

92 

117 

140 

169 

196 

Weight 
of Kail. 

lbs. 

194 

36 

40i 

551 

6()| 

76j 

89^ 

1004 

1274 

1.53 

1864 

2164 

Weight 
of lUiK 

lbs. 

254 

48 

534 

74 

89 

102 

1194 

134 

170 

204 

247 

287 

Weight 
of Kail. 

lbs. 

32 

60 

67 

924 

111 } 

1274 

1494 

1674 

2124 

255 

309j 

359J 




24 in. 

2 } in. 

2 J in. 

3 jn. 

1 

4 in. 

5 in. 

Breadth of upper SurCsce of the Rail in inches. 


In a rail-way for ordinary purposes the weight and 
size may be taken from the table; but for public 
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rail-ways the total load cm each wheel should be 
increased one-third, and then the corresponding size 
and weight taken from the table. Where the 
heaviest carriages are on springs, or floating pistons, 
two-thirds of the actual load on each wheel may be 
considered the stress on the rail for ordinary pur- 
poses, and the actual load should be considered the 
stress for public roads. 


TABLE IX. 

A Table of the Weight which occupies a Cubic. Foot, and the 
Space occupied by a Ton of different Substances. 


Weight In a 
cubic foot of 
Spacsa 


lbs. 

567 

360 

172 

166 

164 

141 

132 

130 

126 

123i 

109 

95 

93 

63 

62i 

57 

52 

50 

48 

38 

38 

8 


Doscrlptlon of Subitancc. 


I.ead (cast in pi<^) 

Iron (cast in pi^s) 

Limestone or Marble (in blocks). . 
Granite (Aberdeen, in blocks) . . 

Granite (Cornish, in blocks) 

Sandstone (in blocks) 

Portland Stone (in blocks) 

Potter’s Clay 

Loam or strong soil 

Bath Stone (in blocks) 

Gravel 

Sand 

Bricks (common stocks dry) .... 

Culm 

Water (river) 

Splint Coal 

Oak (seasoned) 

Coal (Newcastle Caking) 

Wheat 

Bailey 

Red Fir 

IHay (compact, old) 


Space occupied 
by one toil. 

cubic feet. 
4 
64 

13 
13i 

14 
16 
17 

17 

18 
18 
21 
23i 
24 
36 
36 
39h 
43 
45 
47 
59 
59 

280 
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DKSCRIPTION Ol' TIIK PJ.ATES. 


PLATE I. 

Fig. 1. This figure is to explain the nature of a rail-road. The road has a 
double set of rails or tracks, and is of the edge-rail kind ; part of 
one of the tracks is supposed to be taken up to shew the internal 
arrangement. The iron rails for the wheels of the carnages to run 
upon are supported by blocks of stone marked a a. The horse path 
is formed with gravel or broken stone. See p. 1 . 

Fig. 2. This is a sketch of the steam carriage employed on die Hetton rail- 
way. A is the boiler, and B B the steam cylinders; the fire-place 
is within the boiler, tuid F is the entrance to it ; C is the chimney ; 
D D the floating pistons ^ iich support tlic carriage on the axles, 
and answer as springs iii making it press equally on the rails. 
As the moving force is not equal at the same time on the wheels of 
both axles, it is necessary to connect the axles by a pitch chain G, 
working into tootlied wheels on the axles. The water for supplying 
the boiler, and the coals at b for the fire, are carried by a small 
CtU-riage, called the tender ; I is the water barrel, and a is a hose 
pipe which conveys the water to the force pump H, which is 
worked by the engine ; W W are coal waggons, each of which 
carries 53 cwt, of coals. From 13 to 17 of these waggons are 
tlrawn in a train by one steam carriage ; they are connected by the 
shoit chains c c. The connecting rods which communicate the 
jwwer from tlie pistons to the wheels of the steam carriage are 
attached to the wheels, so that one piston is at half the length of its 
stroke, when the other is at the commencement of its stroke. See 
pp. 13 and 74. 
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PLATE II. 

Fig. 3. Is a side view of a cast icon edge-rail, supported by blocks of stone 
D D ; aud fig. 4 is a plan of the rail shewing tlie scarf joints where 
the ends of tlie rails raeet in the iron chair winch supports them ; 
fig. 5 is a cross section of the rail at C, the middle of its length ; 
fig. 6 is a cross section at B, through the joint, chair, and support- 
ing block. See pp. 12 and 29. 

Fig. T. Is a cross section of the rails and road of die Penrhyn slate quarries ; 
the rails o a have a dove-tailed piece cast upon them, which fits a 
corresponding groove in tiie cross sill 6, which is of cast iron, and 
passes under the horse path c ; fig. 8 is a plan of one end of the 
cross sill, shewing the grooves. See pp. 25 and 29. 

Fig. 9. Is a side view of part of a malleable iron edge-rail, supported by 
cast kon chairs at A A A, on blocks of stone D D D, 3 feet apart ; 
fig. 10 is a cross section at C B, the middle between die blocks ; 
fig. 1 1 is a cross section of another form proposed for malleable iron 
rails. See pp. 13, 31, and 128. 

Fig. 12. Is a side view of an edge-rail of uniform depth, so as to unite the 
properties of stiffness atid strength ; fig. 13 is a section at a b, 
shewing the form of the section of die rail, and die chair which sup- 
ports it at the joint. See pp. 125 and 172. 

Fig. 14. Tins is an enlarged section of an edge-rail, to shew the disposition 
of the parts which gives the greatest degree of strength. If the 
rectangle a b d c contain the same quantity of matter, die strength 
of the rail of tlie form of the section A B D C is to the strength in 
the form of the rectangle as If is to 1. The ordinary mode of 
collecting die bulk of matter in the part which is exposed to 
tension, has never been adopted in designing rails; indeed, the 
opposite error has been chiefiy followed. See pp. 1 26,130, and 172. 


N 
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PLATE 111. 


Fig. 15, 16 and 17. These figures are to illustrate the advantage of long 
rails. The portion of rail C D, fig. 16 , is nearly twice as strong as 
a short rail A B, fig. 15 ; and fig. 17 is to shew how the supports of 
a long rail should be disposed to render its parts nearly of an 
. equal strength. See p. 124. 

Fig. 18. This is a cross section of a tram-road, shewing the form of the 
rails at B B, and the mode of securing them to the blocks by 
nails driven into wooden plugs inserted in the stone blocks C C ; 
A is the horse path, (see pp. 15, 32, and 43.) The internal angle, 
formed by the guide and bed of the rail, should be curved, to 
give the wheels a tendeuv y to keep clear of the guides. 

Fig. 19. Shews half a tram-rad, having a rib C on the under .side to 
strengthen it; A is the guide, and B the bed of the rail on which 
the wheels run. See pp. 15, 33, and 136. 

Fig. 20, 21, and 22. Shew Le Caaii’s mode of fixing tram-plates. See p. 33. 

Fig. 23. Represents awheel for an edge rail-rqad, to illustrate the mode of 
calculating its strength. See p. 96. 

Fig. 24. This figure is to .sliew the form of the run for the wheels for an edge 
rail-road, so that there may be a tendency to run clear of the 
guiding flanchos of the wheel. See p. 43. 

Fig. 25. Shews the mode of disyiosing the matter of the spokes, to render 
them as strong as possible, wiiliout rendering them difficult to cast. 
See p. 96. 
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PIRATE IV. 

26. A diagram to shew how a w'aggon may be made with 8 wheels, so 
that the stress of eacli whecd on the rails of a rail-road may be 
equal. The body of tlie waggon rests on the wlieel frames at A A, 
and is connected to them by an axis on which tlic frames turn when, 
from any inequality, the axes of the wheels are not in the same 
plane. See p. 94. 

27. A diagram to sliew the stress upon the lower axle of a waggon on 
an inclined plane ; O is the centre of gravity of the load, and the 
vertical O C tlie direction of the stress. If the centre of gravity be 
raised to g, the whole stress is on the lower axle. See p. 101 . 

28. When a waggon is drawn by a horse, the horse acts with most 
advantage when the line of tmetion it C is nearly perpendicular to 
his shoulder ; and this may be eflected by attaching the traces to 
some point B below the level of the axis, if the wheels he too high 
to gain the direction without this expedient. The bes^ direction, as 
regards the friction of the waggon, is, when the line is above the 
level of the axis, as 6 r. See p. 103. 

29. A guard to keep the wheel in its place if the linch-pin should bo 
broken or lost ; A is the groove in the nave, into which the guard^C 
IS held by tlie .swivel B ; the collar C of the guard should not touch 
the sides or bottom of tlie groove when the wheel is retained in its 
proper place by the linch-pin ; D is a plate to keeji out dust. Sec 
p. 105. 

30. A diagram to illustrate the theory of brake-wheels. See p. 107. 

31. A brake or convoy for .stopping or retarding the descent of carriages 
on rail-roads. By means of the lever l‘\ which turns on the centre 
E, the blocks of wood a a are pressed on the wheel or relieved from 
it. A ratchet G is intended to hold the lever at any desirable 
degree of pressure. The lever and connecting rod is supposed to 
be in the middle of the breadth of tin* carnage, am) to act by mean.s 
of the axis C on a brake on each side of the carriage. Tlie motion 
of the wheel should be from A to B, as shewn by the arrow. Sec 

p. 102. 

32. A diagram to shew the best mode of leve-lling and drawing the 
results on a plan for determining the exact line best adapted for a 
rail-road. Seep. 114. 
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